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REPORT ON THE WORK OF THE BARTOL RESEARCH 
FOUNDATION, 1935-36.* 


MADE TO THE MEMBERSHIP OF THE FRANKLIN INSTITUTE 


BY 
W. F. G. SWANN, D.Sc., Director. 


INTRODUCTION. 


Again I find myself in my annual difficulty of knowing 
where to start. Last year I likened myself to a small child, 
who, when asked to play certain portions in the middle of her 
piece is unable to do so without going back to the beginning 
and playing the whole thing through until she arrives at the 
place where she has been asked to play. In order that my 
feelings shall not remain too much alike from year to year, in 
speaking of the work of the Bartol Foundation for the period 
1935 to 1936, I liken myself to an operatic tenor who is asked 
to start in the middle of his high C, and sing only the latter 
half of the C, omitting the first half and the luscious (or 
nauseating) portamento by which he climbs to it. I fear I 
must again claim your indulgence, and beg of you to allow me 
at least my portamento to lead from the general discoveries in 
the physics of recent years to those which have concerned us 
primarily at the Bartol Research Foundation during the year 
which has passed. 

Our investigations for the last | year have centered for the 

5 : PGeeeated at the Stated Mesting wry on April 15, 1936. 
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most part upon problems having to do with the various phas: 
of nuclear physics. Again I remind you that just as in ou 
modern civilization, the things which we use are made for the 
most part of certain standardized parts which are the same fo: 
all, just as the battleship and the skyscraper have in the ulti 
mate details of their construction, bolts of the same types and 
sizes and screw threads, nails of the same length and diamete: 
so in the much more complicated structure which is th 
universe as a whole, the Grand Architect thereof has antici 
pated by many eons the principle of standardization which thx 
modern engineer has set as his ideal for construction; and, in 
the relatively few different kinds of atoms extending in weight 
from hydrogen the lightest to uranium the heaviest, we find 
the standardized parts out of which everything in our univers: 
is made. But these standardized parts themselves are mad 
up of a fewer number of still other standardized parts which 
indeed are the same for all of the atoms. The first of thes 
standardized parts to be discovered was the electron, th 
natural unit of negative electricity. Soon after came the 
proton. The natural evolution of our thought from a form 
appropriate to the physics of the middle of the last century 
led us to think of light and heat, and of all radiations of that 
kind, as of a wave-like type in which the waves spread through 
out the universe. The idea of individual particles associab|: 
with the different colors of the light was foreign to our whol 
mode of thinking; and the acceptance of any such ideas was 
resisted to the last ditch by our mid-Victorian physical in 
stincts, until the discoveries of the new century, growing with 
ever increasing abundance, forced us to a revolution in thought 
in which we came to realize that light itself must be regarded 
as composed of a number of individual entities or quanta as 
they are sometimes called, each of these quanta being asso 
ciated with a definite color of light, a color characterized by 
what the wave-length would have been upon the older lin 
of thought. This principle ramified beyond the range 0! 
the light rays which affect our eye into the range of the ultra 
violet light, then into the range of the x-radiation, then into 
that of the gamma rays from radium, and finally to thos 
radiations of extremely high energy which are to be found 
associated, in part at any rate, with cosmic ray phenomena 
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This whole class of rays extending from wireless waves 
through heat rays, light rays, ultra-violet rays, x-rays, gamma 
rays, to the rays associated in part with cosmic rays, this 
whole class of rays which in mid-Victorian physics would have 
been thought of in terms of waves in an all pervading ether 
has been segregated off by itself to distinguish it from rays 
which consist of material particles like electrons, protons, 
and atoms; and the members of this more ethereal class are 
called photons. 

Photons having been accepted into the realm of physical 
thought, again, the hope was to explain all nature in terms of 
electrons, protons, and photons. Within the last two or 
three years, however, other fundamental entities have made 
their appearance. The positron, the positively charged 
counterpart of the negative electron has come out of hiding. 
A neutral particle, the neutron, an uncharged particle as 
heavy as the hydrogen atom, has come to light. A mys- 
terious kind of a ghost, the neutrino, which has appreciable 
mass only when it moves, has been heard, as it were, rumbling 
about inside the atom. Then there is the atom of heavy 
hydrogen, the deuteron, which is associated with what is 
more popularly known as heavy water. With the appearance 
of all these new entities has gone, hand in hand, the growing 
feeling that all are members of a family whose relations to one 
another are closely bound up in a way which science may some 
day reveal. 

Our views as to the nature of the atom have undergone 
considerable development in recent years; but such changes in 
our pictures as have taken place have left unaltered one 
fundamental idea. That idea is to the effect that an atom is 
composed of two parts—a central part called the nucleus 
which contains all of the positive electricity, some electrons 
and possibly neutrons, and which is responsible for practically 
all of the mass of the atom; then around this nucleus we have 
a few electrons performing a kind of dance, a dance whose 
form is controlled by the nucleus which sits there at the center 
as a sort of massive atomic chaperon. We can influence the 
dance of the outer structure by our experiments; and in our 
power so to influence the dance lies all the science of chemistry, 
all the phenomena of optics, of x-rays, and most of the things 
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which have interested the student of natural philosophy fi 
several decades. Until comparatively recently we were un 
able to do anything to the nucleus. It was the nucleus whic! 
distinguished one atom from another. The lightest atom 
hydrogen, has a simple nucleus comprising nothing more tha: 
one proton. The next lightest atom, helium, has a mor 
complicated nucleus, and has in all a positive charge equa! 
to that of two protons. As we arrange the atoms in the orde: 
of their weight, their nuclei become more and more compli 
cated in structure. Each successive element in the ascending 
scale, however, differs from its predecessor in having on 
additional proton’s worth of charge. It is this charge which 
determines the power of the nucleus to influence the dance o! 
the outer structure. 

I have said that until recently man-made experiments wer 
unable to bring about any change in that firmly built structur: 
the nucleus. That such changes were not fundamentall) 
impossible was evident from the fact that some of the atomi: 
nuclei, those of radium, for example, were known to blow up 
spontaneously of their own accord from time to time. Within 
the last two or three years, the man of science has been pri 
paring his artillery for the bombardment of the atomic nucleus 

| with a view to realizing, in actuality, the age old dream of th: 

alchemist, the transmutation of the elements. The projectiles 

of his artillery have been those particles, the electrons, th 

: proton, and so forth, of which I have already spoken. Fo 
many years he has been studying the characteristics of some 0! 
these projectiles, the electron, forexample. When we seek to 
know the nature of such elusive invisible things, it is necessary) 
to proceed according to Biblical instructions, “‘ By their fruits 
shall ye know them,” and so we must judge of these things by 
what they can do. 

Electrons and positrons when fired through the atmos 
phere, for example, possess the power to kidnap electrons 
from the outer structures of the atoms by which they pass 
Their influence extends some distance on either side, and they 
as it were, tickle our participants of the dances in the various 
atoms near which they go. Ordinarily they do not do any 

thing very drastic and are relatively easily turned from the! 
paths. Heavier particles like the protons, however, whi 
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endowed with sufficient energy possess the power occasionally 
to run headlong into the nucleus of the atom, knock out some 
of its parts and result in its becoming another kind of atom. 
The atom of heavy hydrogen when used as a projectile is a 
still more potent means of producing nuclear disruption. 
The neutron, which we sometimes think of as an electron and a 
proton in close communion, when traveling through the 
atmosphere, for example, pays very little attention to the 
dancers in the outer structure of the atom. His two parts are 
too much occupied with each other to give much attention to 
trivial activities encountered on the way. The neutron, how- 
ever, is a dangerous fellow even with comparatively little 
energy, and by the very fact that he produces but little dis- 
turbance in the dancers around the nuclei of the atoms, he is 
able to make entry to those nuclei and then like an insidious 
agitator whose silent and unobtrusive manners have enabled 
him to inveigle himself into the very heart of the atomic 
government, he is able to promote such disturbance of the 
governmental equilibrium, by claiming accommodation, as to 
set up a situation in which nothing but an atomic revolution 
can straighten matters out. Thus, the neutron is able to 
initiate the formation of new elements by promoting atomic 
explosions with the emission of all sorts of projectiles analo- 
gous to those brought into evidence in a real honest-to- 
goodness revoiution in the affairs of mankind. 

The neutrino is a mysterious kind of thing. He has never 
been found actually doing anything, and his presence has been 
inferred on the basis of the same kind of evidence which, when 
strange things happen in an organization, prompt one to say, 
‘Somebody must have been at the bottom of that.” 

At the Bartol Foundation, we are at present developing our 
plans for building a cyclotron. This is an apparatus for the 
purpose of endowing particles with very high energy such as is 
necessary to bring about atomic disintegration. Such ap- 
paratus now exists in many of the prominent research labora- 
tories in this country, particularly at the University of Cali- 
fornia where Professor Lawrence has developed what is 
probably the most efficient of all these appliances of what we 
may call man-made artillery for bombarding the nucleus of 
the atom. Pending the construction of this piece of atomic 
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ordnance, however, we have busied ourselves with certaii 
other aspects of the problem which are as necessary to th 
successful prosecution of this war on the atom as the problems 
of the commissary department are necessary in wars having 
to do with the affairs of men. 


RESEARCHES ON GENERAL]INUCLEAR PHYSICS. 


Isotopes and Their Separation in Large Amounts.—Supposi 
we have two identical atoms and then add to the nucleus of 
one of them a neutron, or a positron plus an electron. Sup 
pose, in fact, we add any entity or combination of entities 
which as a whole carries no electric charge. Then the altered 
atom will differ from its companion simply in the weight ot! 
its nucleus. The charge on that nucleus will be the same fo: 
both atoms; and, as far as chemistry is concerned, and as fa: 
as most of those phenomena having to do with the outer: 
structure of the atoms are concerned, the two atoms will b: 
exactly alike. Atoms differing from each other in this way 
are called isotopes; and, as you will recall from my former 
reports, a goodly portion of our knowledge regarding them has 
come from the work of Dr. Kenneth Bainbridge, performed 
at the Bartol Research Foundation in years gone by. 

Now the elements as they usually present themselves to us 
are mixtures of such isotopes; and, in the study of the nuclei 
of the atoms, it is desirable to deal with what we may call th 
pure atoms, the individual isotopes themselves. Unless we do 
this, we are without an exact knowledge of the things upon 
which we are working. It is for this reason that, during th 
last two or three years, Dr. Rumbaugh has been concerned 
with the perfection of apparatus whose purpose is to separat 
some of the isotopes of the elements in amounts sufficiently 
large to permit of the actual use of the individual isotopes in 
experiments. Within the last year, Dr. Rumbaugh’s investi 
gations have been crowned with their first stages of success 
and about four milligrams of the two isotopes of lithium 0! 
relative weight 6 and 7 have been separated. The condition 
of the apparatus at the present time is such that it is possibl: 
to separate into its two isotopes about 0.1 milligram of lithium 
per hour. 

I must pass very briefly over the method adopted. It wil! 
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suffice to say that a lithium compound is embedded in a silicon 
carbide rod from which it can be evaporated. Under these 
conditions a certain fraction of the evaporated atoms exists in 
the charged state as a result of the removal of electrons from 
their outer structures. A wide beam of these atoms is shot 
away from the source under the influence of an electric field 
and the beam is caused to enter the space between the two 
poles of a magnet. Figure 1 shows a section of the pole 


FIG. I. 


space. Now when the charged atom, ions as they are called, 
travel across this pole space (from below, in the diagram) their 
paths are bent, to an extent depending upon the mass of the 
atom concerned. The atoms at the right of the beam as 
represented in the figure have to travel a greater distance 
under the magnetic influence than do the atoms at the left 
portion of the beam, the pole space being in fact fashioned toa 
suitable shape so as to result in sucha condition. The result is 
that the right and left lines of particles originally parallel in 
their flight are no longer parallel, but are directed so as to 
converge to a point. By suitable choice of the shapes of the 
pole pieces, it is possible to bring all of the ions in the beam to 
the same point, or rather to a point which is the same for 
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the isotopes of one mass, but is different from that for th 
isotopes of another mass. The result is that we can separat: 
the isotopes into two parts. 

While the whole process is very simple in principle, a great 
deal of development is necessary to secure a satisfactory 
separation, and to produce a sufficiently copious supply of th 
ions. <A process is necessary which will stand the high tem 
perature required without distortion of the source. Great 
attention must be given to the correct shape of the pole pieces 
and allied parts, so as to result in a sufficiently accurate con 
centration of the individual isotopes at their respective foci 


Fic. 2. 


G A Y 
T T 


CURRENT 
\% 


4) a at n 1 4 
6 7 6 
MASS NUMBER 


The isotopes may be made to announce their arrival at thei 
destination by causing them to fall upon a little plate which | 
connected to the ‘“‘ground”’ of the apparatus through a gal 
vanometer. The charges from the isotopes passing throug! 
this galvanometer cause a deflection which is a measure of th 
rate at which the isotopes are being deposited at the particula! 
point which the little plate occupies. By altering the mag 
netic field or the electric field which gives the ions thei 
velocities, different isotopes may be caused to fall upon thi 
plate. The electric field necessary to bring any given isotop 
on to the plate is characteristic of the isotope. In actuality 
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two fields characteristic of the isotopes 6 and 7 were found 
to produce a focus on the plate. By making measurements 
for different accelerating electric fields it is possible to obtain 
data from which we may plot a curve such as Fig. 2, in which 
abscisse represent isotope masses and the ordinates represent 
galvanometer currents, which currents are proportional to the 
rate of deposition of isotopes falling within a certain small 
range of masses determined by the size of the plate and center- 
ing around the corresponding value of the abscissa. It will 
be seen that there are two peaks corresponding to the isotopes 


Fic. 3. 


of relative masses 6 and 7. It turns out that the areas under 
the peaks correspond very approximately in relative value to 
the amounts of the isotopes 6 and 7 deposited in equal time. 
From this curve we therefore learn that the amounts of 7 and 
6 deposited per hour are in the ratio of 12 to I. 

By replacing the electrode for the electrical measurements 
by two flat-ended metal tubes placed in the appropriate posi- 
tions to receive the isotopes, it is possible actually to collect 
the isotopes in visible form. Figure 3 shows by the two spots, 
indicated by the arrows, the deposits of the isotopes 6 and 7 of 
lithium. Figure 4 is a picture of Dr. Rumbaugh’s apparatus. 


See 
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Dr. Rumbaugh is at present engaged in collecting t! 
isotopes on a surface of convenient form to permit its use i 
subsequent experiments upon the disintegration which m: 


Fic. 4. 


be produced in the isotopes when bombarded with protons 
deuterons and neutrons.! He has also made considerab 


1 Since this was written, experiments upon the disintegration of the isotopes 
by proton and deuteron bombardment have been made and published (1 
Rumbaugh and L. R. Hafstad, Phys. Rev., 50, 681 (1936). 
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progress towards the deposition of the isotopes of potassium 
in large amounts. 

Experiments on the Creation of Matter from Energy.—One 
of the most profound generalizations of modern physics is the 
recognition of the relation between mass and energy, a 
recognition of the fact that when mass as such disappears, 
energy appears in proportional amount. Perhaps, in a sense, 
the usual form of statement of this principle is a little unfor- 
tunate because, in reality, mass never disappears. The energy 
into which it seems to be transformed itself possesses a mass, in 
all relevant matters, equal to that which seems to have been 
lost. Again, when energy is said to be transformed into 
matter, the matter itself really possesses the energy in special 
form. The significant thing about the change which we talk 
of as the change from mass to energy and vice versa is the 
change in characteristics of an entity subject to the condition 
that in that change something is preserved, that something 
being the mass, or the energy, whichever we like to specify. | 
should like to cite an analogy which I think will be helpful 
although I do not wish to invite a controversy which might 
follow from the analogy being taken too literally. We can 
think of the universe of living beings with unchangeable enti- 
ties which we call souls; and, we can think of these beings as 
existing in two forms, the material form familiar to us within 
the realm of our mortal lives, and the spiritual form which 
comprises all those who have died or have not yet been born. 
The material beings, ourselves, have certain characteristics. 
We build ships, we make railroads, we fight and play. Those 
who meditate upon the denizens of the spirit world like to 
think of the spirits as doing other things, things which would 
be as strange to the category of activities of mortal beings as 
would be the setting up of a ten cent store by an angel. The 
spirits and the material beings all form part of one great 
universe, each group being perhaps necessary for the proper 
functioning of the other. If we think of a mortal changing 
to a spiritual existence by death, or of a spirit taking on 
mortality in birth, the identity of the soul being always pre- 
served, we have an analogy to what is going on in the realm 
of the atom today, except that the thing whose identity is 
preserved in the change is that which we call the energy, or its 
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equivalent, the mass. To make the analogy more complete, | 
should have to ask you to suppose that a single soul ca: 
occasionally breed two bodies, and two bodies can occasional!) 
become a single soul. There is a thought for the romantic t: 
become poetic about. It represents the fact that in physics, 
photon occasionally becomes transformed into a positron an 
an electron; and, conversely, a positron and an electron o 
casionally unite in pairs to form a photon. 

The equivalence of mass and energy, sensed first theo 
retically by Einstein, received one of its most convincing 
experimental proofs at our laboratory in the work of Bain 
bridge, who showed that when a lithium atom becomes wedded 
to a proton in such a way as to produce two atoms of helium 
the combined mass of the two atoms of helium does not equa! 
that of the lithium atom plus the proton. It is found, how 
ever, that the helium atoms produced possess kinetic energy: 
and it is necessary for the proton to possess kinetic energy 
in order that the transformation from lithium to helium may 
be realized. Bainbridge found that when due account was 
taken of the masses associated with the kinetic energies of the 
proton and of the helium atoms, the books balanced. The 
sums of the masses and of their energy equivalents calculated 
before and after the transformation were the same. Now 
in this experiment of Bainbridge, the energy whose mass 
equivalent was studied was the kinetic energy of the particles. 
We may regard it as a form of energy which is bound to thx 
material existence of the particle. It is like a soul bound to 
the flesh. What becomes then of the equivalence of mass 
and energy when the energy produced is no longer associated 
with any material particle, when it is in a form such as light, 
or x-rays, when, in fact, it is in the form of a photon? In our 
analogy, what happens when the mortal being is changed 
entirely into a spirit? Dr. G. L. Locher and Mr. C. | 
Haines, also of the Bartol Research Foundation, have recent! 
performed an experiment to settle this matter; but they have 
attacked the question from the reverse end. They hav 
started with the spirit, and have produced a materialization. 
The spirit was a gamma ray from radioactive material. ‘Th 
materialization of the spirit was a pair of particles, a positron 
and an electron. I have already reported briefly upon this 
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investigation in my report of last year. Since that time, 
however, further progress has been made. 

Briefly the procedure adopted by Dr. Locher and Mr. 
Haines was as follows. The gamma rays from a radioactive 
source passed through a sheet of metal at F, Fig. 5, and it was 
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in this sheet ot metal that the materialization to particles 
occurred. These particles passed down in a more or less 
vertical direction. On emerging from the point G they passed 
into the space between two large magnetic poles. The paths 
of the particles when entering this region of magnetic influence 
are bent into several paths, the positive particles being bent 
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one way and the negative particles the other way. If all o! 
the positive particles had one definite energy and all of th 
negative particles another definite energy, we should hav 
just one line for the positive and one for the negative on 
photographic plate placed suitably in the place containing th 
points G and P. We have reason to suppose, however, that 
kinetic energy is shared between the positive particle and its 
partner to different extent by the different pairs of particles 
so that we may expect, and we find, a distribution of blacken 
ing of the plate. However, the higher the energy of the pa 
ticle the greater the diameter of its circle; and we should 
expect that no negative particle, for example, could attain « 
kinetic energy greater than that in which its partner had no 
energy at all except that used in actually creating it. \\ 
should therefore expect that on the negative and on the posi 
tive sides there would be upper limits to the blackening, on 
limit characteristic of the negative particle having all of th 
kinetic energy and the other limit characteristic of the positiv: 
having all of the kinetic energy. Asa matter of fact there ar 
certain complicating features which prevent the occurrence o! 
that limit in the case of the negative particles. These | need 
not refer to further than to remark that they are concerned 
with electrons not created by the gamma rays, but hurled out 
of atoms by them in their passage through the metal. It is ; 
fact, however, that we do obtain a definite limit of blackening 
in the case of the positive particles; and Dr. Locher and \Ii 
Haines found that the kinetic energy corresponding to that 
limit when subtracted from the known energy of the gamm 
rays which initiated the experiment gave a difference whic! 
was equal to the energy necessary to create the positron and 
the electron according to Einstein’s mass-energy law. In 
Fig. 5, the arrow shows the limit referred to. 

Now, as is apt to happen in physics, some of the most 
interesting consequences of a verification of a fact of this kind 
arise from the fact that the verification is almost exact but not 
quite exact, and the lack of exactness tells the story of som 
thing else. The verification of the law which Dr. Locher and 
Mr. Haines have produced is to within about 4 per cent 
When, however, they take into account the accuracy of th 
various quantities which have entered into their calculation 
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they are unable to see any place where they or anyone else 
whose data they have used could have made an error of as 
much as 4 percent. It seems as though something else must 
have happened. The discrepancy is in such a direction as to 
indicate that the amount of energy observed after the process 
is less than what is to be expected. There had been a kind of 
tax of energy in the process; and Dr. Locher and Mr. Haines 
are now inquiring why the process appears to be taxed. 

If there is a tax on the process, one might suppose that the 
atom which was hit by the original gamma ray, and which was 
responsible for irritating it into a materialization in the form 
of a positron and an electron would have something to say 
about the matter. One might think that perhaps the atom 
charged a commission for its activity and that this represented 
the tax. For this reason Dr. Locher and Mr. Haines repeated 
the experiment using a different type of metal to initiate the 
process. In the first experiment they used lead and in the 
second experiment they used silver. However, in both cases 
the results were the same, so that if the tax has to do with the 
atom, it has been standardized for all atoms, or at least for the 
two which have been tried. The story of the whole matter is, 
however, complicated by certain other considerations. When 
we look closely at the photographic blackening represented in 
Fig. 5, we find indications of certain other bands in the 
blackened region. ‘These are too faint to show in the repro- 
duction but they are unquestionably there. The first thought 
is that they correspond to the story of the creation of positrons 
and negatrons initiated by some of the gamma rays from the 
radium other than those which figure in the main process. 
There are such gamma rays. It is found indeed that some of 
the bands do correspond to the position to be expected on this 
idea, at least approximately, but again there is a slight dis- 
crepancy of the order of a few per cent. Now if this few per 
cent. represented a tax demanded by the atom, we should 
expect that the tax would form the same percentage of the 
transaction for all of the gamma rays; or, even though we 
should not demand as simple a relation as this, we should at 
least demand that the tax was always a tax, never a credit. 
It would appear, however, that sometimes the discrepancy 
calculated on the basis to which I have referred appears as a 
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credit instead of a tax. Well, these matters are in the proces: 
of investigation; and it is impossible to say any more at this 
time. Possibly next year we shall have something more to 
say. As matters stand at present we may say that the mass 
energy relation in this particular phenomenon has been veri 
fied to a reasonably high degree of accuracy but that there ar 
some minor discrepancies which when completely explained 
will probably give us still more interesting information on th 
nature of this fundamental atomic process. 

Experiments with Neutrons.—As a preparation for the tim: 
when we may have available the copious sources of atomi: 
projectiles provided by the cyclotron, Dr. Locher and D: 
Rumbaugh have taken advantage of the opportunity pro 
vided through the courtesy of Dr. G. M. Dorrance of using 
the gamma rays from the four grams of radium at the Onco 
logical Hospital. They have allowed these gamma rays to fal! 
upon beryllium; and, under these conditions, as is well known, 
neutrons are produced. They have been studying some of the 
properties of these neutrons as disintegrators of atoms. As | 
have already remarked, neutrons differ from high energy 
charged particles in their method of producing atomic dis 
integration; for they are more potent in their activities when 
they have but little energy. Since the neutron carries no 
charge, it is not possible to produce, control, and determine, 
its energy by such processes as we can produce, control and 
determine the energy of charged particles. We have to tak 
what energy nature gives us and then alter it by tiring the 
neutrons out, by allowing them to pass through some suitab|: 
substance, such as paraffin, in which they lose some of thei 
energy. Unfortunately if we allow even a homogeneous beam 
of neutrons to pass through an appreciable thickness of paral 
fin the beam becomes terribly heterogeneous because different 
neutrons lose different amounts of energy. Moreover, many 
of them are scattered in all sorts of different directions. Th 
greater the thickness of the paraffin, the more mixed up is the 
scattered beam of neutrons which gets through it. Neverthe 
less it is of very great importance to investigate the poten- 
tialities of the neutrons for producing atomic disintegration as 
a function of their energy. Such investigations have been 
carried out by others in the past and Drs. Rumbaugh and 
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Locher have been extending these investigations principally in 
the direction of using gamma rays as a means of producing the 
neutrons instead of high energy nuclear particles from radio- 
active sources or high voltage machines. The neutrons pro- 
duced by gamma rays have lower energy than those produced 
otherwise and so the thickness of paraffin necessary to reduce 
them to still lower energy is less. As a consequence, the 
story to be told becomes more definite. Using these excep- 
tionally low energy neutrons it is the purpose of Drs. Locher 
and Rumbaugh to investigate their relative potentialities for 
producing disintegrations in various elements. 


INVESTIGATIONS ON COSMIC RAYS. 


I now turn to the story of our investigations during the 
past year on the subject of cosmic rays. As you will recall, 
these rays consist of high energy particles of some kind coming 
to us from outer space and entering our atmosphere in all 
directions. These particles create other particles in the 
atmosphere as they pass through; and the story of how far 
the things that we measure in our laboratory are the effects 
of these secondary particles and how far the story is that of 
the primary particles is a subject of great interest and com- 
plexity, and is one of the matters which has concerned us at the 
Bartol Foundation. 

On every occasion on which I have reported upon this 
subject I have shown you demonstrations of the existence of 
these rays by the use of what are called Geiger Miiller counters. 
Our technique in these matters has naturally improved as 
time has gone on, so this evening I am able to show you an 
experiment which is probably more clear cut than any I have 
shown before. As you will recall, a Geiger Miiller counter is a 
little metal tube with a wire going down the center. Between 
the wire and the tube there is a battery whose voltage is just 
insufficient to cause an electric discharge through the gas 
between the tube and the wire. When a cosmic ray passes 
through one of these tubes it precipitates the catastrophe of a 
discharge and the electric surge in this discharge may be 
amplified by suitable devices so as to cause it to perform any 
act we wish. Here I havea group of such counters arranged in 


664 . W. F. G. Swann. (J. F. 1. 


a plane area. Every time you hear a click, that means that a 
cosmic ray or some other kind of ray capable of setting one 
of these counters off has passed through this area. These rays 
come from all directions. By having two such areas of 
counters, parallel to each other, one above the other, and 
arranging the electric circuit so that the assemblage will only 
record when at least one counter in the upper area and one 
counter in the lower area discharges, we know that what the 
apparatus actually records is representative of rays which 
have come in those directions which permit the rays to pass 
through the two areas. In other words the apparatus acts as 
a kind of telescope. The telescope is now vertical and the 
rays which it is passing are recorded upon the face of this dial. 
We will count the number of them occurring in a minute.* 
Now let us turn our telescope at 45 degrees to the vertical and 
again count the numbers in a minute. Let us now turn it 
horizontally and do the same thing. You will see that the 
intensity of the rays varies with the direction to which the 
telescope is pointed in the sky. The fall off of intensity with 
increase of angle from the vertical is very largely due to the 
fact that the inclined rays have passed through so much 
greater a thickness of the atmosphere and consequently are 
reduced in their intensity for that reason. 

Protons as Cosmic Rays.—I have already stated that a 
matter of fundamental interest is concerned in the question 
as to the nature of the primary cosmic rays. For reasons 
concerned with the way in which the cosmic ray intensity 
varies with latitude certain investigators, particularly Pro- 
fessor A. H. Compton and Dr. H. Bethe, have been led to pro- 
pose that the primary cosmic rays in the vicinity of the earth 
contain an important contribution in the form of protons in 
addition to positrons and electrons, while in the upper regions 
of the atmosphere, alpha particles also play a significant part. 


2 The area comprised 27 counters occupying a total area of 600 square centi 
meters arranged to operate a dial and also to produce a sound when any one of the 
counters discharged. The area by itself gave rise to about 25 clicks per second 
about one-third of which were caused by cosmic rays. 

*The upper area was the 600 square centimeter area referred to under (2) 
The lower area occupied 250 square centimeters. The two areas gave about 20 
coincident discharges per minute when arranged vertically, 16 discharges per 
minute when at 45°, and 3 per minute when the axis was horizontal. 
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I shall presently discuss the question of alpha particles in 
the stratosphere. As regards protons at sea level, how are 
we to find whether or not they are there? The problem is to 
distinguish them from other charged particles and particularly 
from electrons and positrons. Now unfortunately protons, 
electrons and positrons all behave in exactly the same way 
as regards the ionization they produce in the atmosphere or in 
anything else when their energy is very high, as high, for 
example, as the energies which occur in cosmic ray pheno- 
mena. For this reason it is difficult to distinguish between 
them. For each of them we may say, “‘ By their fruits shall 
ye know them,” but their fruits are the same. It is quite true 
that the proton has 2,000 times the mass of the electron when 
both of these particles are moving slowly; but, unlike people, 
charged particles take on weight when they move; and high 
energy particles take on so much weight that the weight they 
had initially is negligible compared with the weight they take 
on. The corpulent proton ard the skinny electron both grow 
to elephantine mass when they acquire great energy. The 
secret of the problem lies in catching them in their activities in 
a state of low energy, so that we may distinguish between 
them. 

To cut a long story short, every high energy charged 
particle in traveling through the atmosphere has the same 
general kind of history. When its energy is high, that is 
when it is traveling with great speed, it passes by the molecules 
on its way very rapidly. The impulses which it gives to those 
molecules are of short duration and relatively few of them 
succeed in ejecting electrons from the atoms with the resulting 
production of ionization. In fact a high energy electron 
produces about 30 ions per centimeter of its path in air at 
atmospheric pressure. When a particle becomes reduced in 
energy and so in velocity, it becomes a much more efficient 
ionizer, so that it produces more and more ions per centimeter 
of path until it has lost all of its energy and has become dead 
as far as its activity is concerned. The charged particle is 
like an old man who when he has come near the end of his 
tether has a good old bust up before he dies. 

Now consider an electron anda proton. As I have already 
said, when they have high energy they behave alike. Let us 
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consider them in a state where their velocities have fallen to 

point where the mass which they have acquired on account o! 
their velocity is not all important. Let us consider them in 

state of velocity where the proton knows that it is 2,000 
times as heavy as the electron. If both particles are traveling 
at the same velocity they will produce the same number ot 
ions in traveling through a centimeter of gas. Each will los: 
the same amount of energy in producing these ions. This 
loss of energy will mean much more to the electron than to 
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the proton, however, on account of the great mass of th 
latter. The result is that the period of high ionization wil! 
be much more extended for the proton than for the electron 
If we should draw two lines whose widths represented th: 
intensities of ionization by the proton and the electron, fo: 
example, those lines would look something like Fig. 6, wher 
the particles are supposed to be traveling in the directions o! 
the arrows. Although the ionization of the electron increases 
enormously towards the end of its range, the total number 
ions produced in the whole of this region of high ionizatio: 
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would be too small to observe except with the most delicate 
apparatus. With the proton, however, the situation is 
different. The total number of ions produced in the region of 
high ionization is quite large. In fact, the length of path in 
which the ionization is large is sufficiently great to permit us 
to pick out a small portion of it and even measure the total 
spurt of ions produced in that small portion. The situation 
is, in fact, as follows. Suppose that we make a little vessel, 
fill it with compressed gas, and provide it with the necessary 
appurtenances to render possible a measurement of the ions 
produced by a single ray in passing through it, provided that 
that ray ionizes sufficiently copiously. The theory of ioniza- 
tion by these particles enables us to measure back from the 
end of the range of the proton to a point where the ionization 
along the path, while less than that at the very end, is never- 
theless sufficient to insure that if we put the vessel on the 
path at that point in question, for example, at A, Fig. 6, the 
ionization produced in the vessel would be measurable, 
although it would be immeasurably small for the correspond- 
ing position represented by B on the electron path. If R is 
the distance from our vessel to the end of the range then 
we know that all of the rays which, passing through a definite 
length in the vessel, end their paths within a distance R will 
produce at least enough or more than enough ions to be 
measurable as a distinct spurt of ions in the vessel. Now the 
number of rays so ending in the distance R is exactly the 
corresponding number of rays which by counter measurements 
we would find as absorbed in the distance R; and if we assume 
that all of the rays are protons we can find from the way in 
which our Geiger counter measurements change with altitude, 
how much this number is. If our measurements on the 
spurts of the ions in this vessel give less than the number to 
be expected, it means that protons are insufficient in number 
to account for the Geiger counter measurements and to just 
that extent. 

In actually carrying out the experiment, certain precau- 
tions must be attended to. Thus, alpha particles from radio- 
active contamination in the walls of the vessel can masquerade 
as protons by giving large spurts. We can eliminate these 
by having a vessel such as A, Fig. 7, divided into two parts 
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by a partition B. A very thin partition will prevent th 
passage of contaminational alpha particles. Hence, if w 
take cognizance of only those spurts which occur simultan 

ously in the upper and lower halves, we shall omit from con 
sideration all of the spurts due to alpha particles. Ther 
may still be certain spurts of ions produced by atomic bursts 
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or showers of many electrons originating in the upper parts 
of the chamber or elsewhere. To eliminate these we set u; 
an area of Geiger counters below the vessel, and so arrang' 
that each area of counters will only make a record if two o1 
more of its members experience the passage of a ray. Unde 
this condition the Geiger counters will respond to electron 
showers but not to individual protons. By such a proceduri 
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we can disentangle possible effects of protons from the other 
complicating phenomena. 

The foregoing experiment is now under way in the hands 
of Dr. and Mrs. Montgomery, Mr. Ramsey, and myself. 
The data so far obtained indicate that the number of spurts 
observed and attributable to protons are so few as to necessi- 
tate the assumption that only a small fraction, if any, of the 
cosmic rays observed at these altitudes are representative of 
protons. A picture of the apparatus is shown in Fig. 8 and 
will be clear from the legend attached.‘ 
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The vessel A of Fig. 7 is shown at the center of the picture fastened to the bottom of the tube 
which is held in a clamp. This tube and another horizontal one like it below the ionization vessel 
hold the pliotrons used for recording the spurts of ions. The counter sets are immediately below 
the above named apparatus. The two galvanometers are shown at G. They record \photographic- 
illy upon the recorder R. 


Stratosphere Cosmic Ray Measurements.—Much of our 
attention has been devoted to cosmic ray measurements in the 
stratosphere; and for this purpose we have made considerable 
use of cosmic ray telescopes operating on the principle of the 
simple device I have already demonstrated. In fact, such an 
apparatus, suitably modified and adapted, was used on the 


‘ Since this was written, the investigation has been completed and published. 
Phys. Rev., 50, 403 (1936). 
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last National Geographic U. S. Army Air Corps Stratosphe: 
flight. I referred to this apparatus last year and pictures o! 
it are contained in the report for last year. It was design 
by Dr. G. L. Locher, Dr. W. E. Danforth and myself. | 
will suffice therefore to pass over these matters rather briefly 
at this time. Figure 9 shows a central column containin, 
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certain electrical equipment. To the right are five boxes 
containing five telescopes which can be pointed at different 
angles to the vertical. To the left is another set of five tel 
scopes pointed at corresponding angles. The telescopes 

the left differ from those at the right only in the incorporation 
of an extra feature in the right hand telescope, a featur 
designed to eliminate certain complicating features referr 

to in my last year’s report. Each of the telescopes is cor 
nected to a suitable dial mechanism shown in Fig. 10, the: 
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being one dial for each of the telescopes. Every time 
telescope records a cosmic ray its corresponding dial moves o: 

by one unit. This box of dials has also a dial associated wit! 

compass to record direction and it has a watch to record tim: 

These dials are contained in the box C, Fig. 9, and are photo 

graphed every half minute by a camera contained in the box 
D. Another method of recording was also used in which 
every time a cosmic ray passed through a telescope, a shutte: 
was opened in a corresponding light producing device in th 
box E, resulting in a mark being printed upon moving photo 

graphic paper. 

Let us now turn to the results obtained. Imagine th 
atmosphere compressed until it attains the density of water 
To every point in our actual atmosphere there will correspond 
one point in this so called homogeneous atmosphere, a point 
characterized by the fact that the amount of air above that 
point is the same, whether it is compressed or not compressed 
It is convenient to discuss our results as applied to this 
homogeneous atmosphere. In Fig. 11 we have plotted in a 
horizontal direction the distance from the top of this homo 
geneous atmosphere. In the vertical direction we hav 
plotted in the curve marked A the number of cosmic rays 
recorded per minute by our vertically pointed telescope. | 
may say that since practically all of the observations wer 
taken at the ‘‘ceiling,”’ i.e. the highest altitude attained, th: 
data for the highest point are by far the most accurate. Thi 
other observations were taken during the descent; and the) 
are less accurate on account of the fewer observations avail 
able. They do serve, however, to tell us an interesting story) 
It will be observed that as we ascend into the atmosphere th 
cosmic ray intensity first of all increases. However, it does 
not go on increasing but attains a maximum value, afte! 
which it decreases. This result had already been observed 
just prior to our observations by Regener using unmanned 
pilot balloons. The few observations which we were able t 
salvage from the first National Geographic flight which, as you 
will recall, ended in catastrophe, did not extend to altitudes 
great enough to reveal the maximum. I may say, however 
that while Regener’s data gave a 39-fold increase in cosmi 
ray intensity from sea level to the value at the maximum, © 
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results show a 51-fold increase. In addition to the maximum 
at the highest altitude, there will be observed a second maxi- 
mum at an altitude somewhat lower. 

Last year, I cited the details of a theory of cosmic ray 
action in which I had been interested, and according to which 
the things observed were for the main part not the primary 
cosmic rays, but secondary cosmic rays shot out from the 
atoms of the air by the primaries. The increase of effect of 
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the measured intensity with altitude arose from the idea that 
the numbers of rays shot out by the primaries in a given dis- 
tance increased with the energies of the primaries so that in 
the higher regions of the atmosphere where the primary 
energy was greater than in the lower regions, more secondary 
rays were shot out and consequently a greater intensity was 
measured. From this view we might expect the measured 
intensity to increase with altitude until we come sufficiently 
near the top of the atmosphere to result in a curtailment of 
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the secondaries to be observed as the result of the limite 

amount of air above the point in question which is to produc 
them. On such a view, therefore, we would expect a rise to 
a maximum of the kind found followed by a decrease in thi 
intensity with further increase of altitude. When we submit 
the matter to calculation it turns out that the distance from 
the top of the homogeneous atmosphere to the peak should by 
roughly representative of the distance which the secondaries 
can travel in the atmosphere. This distance comes out to lb: 
82 centimeters for air compressed to the density of water, and 
corresponds to an energy of those rays of such an amount that 
about five hundred million volts would have been necessary t: 
produce that energy. The second maximum corresponds to a 
somewhat greater secondary energy. 

We should expect that the maximum at the top of th 
curve would become less pronounced as the angle between the 
telescope and the vertical is increased; because at any given 
altitude there is more air in the line of the telescope from the 
telescope to the top of the atmosphere in an inclined direction 
than there is in a vertical direction. We should in fact expect 
the maximum to become less pronounced and gradually dis 
appear as the angle from the vertical is increased. This is 
just what we find. In Fig. 11 Bcorresponding to an angle o! 
30 degrees from the vertical the maximum is slightly less 
pronounced. At 60 degrees from the vertical (see Fig. 11 C 
it has practically disappeared and at 80 degrees and 90 degrees 
(see Figs. 11 D and 11 £) from the vertical there is no vestig: 
of it remaining. 

It is of interest to compare the most recent results ol! 
tained with those of the former National Geographic U.S 
Army Air Corps Stratosphere flight and with those of th 
flight made by Dr. and Mrs. Jean Piccard in the fall of 1934 
The quantity whose values we shall compare is the ratio o! 
the intensity of the radiation at a chosen altitude to that at 
sea level. At the 53,000 feet altitude where observations 
were made in the Piccard flight, this ratio was 44, while th: 
most recent flight gives 42 for this altitude. At the highest 
altitude, 40,000 feet, at which observations were made in thi 
former National Geographic flight the ratio is 38, while th: 
most recent flight gives for that altitude 36. The agreement 
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between the present flight and the former flights is thus 
extraordinarily good, particularly when it is remembered that 
while all three pieces of apparatus were designed and con- 
structed at the Bartol Foundation, an entirely new apparatus 
was used on each occasion, and there were some minor changes 
in design between the equipment for each of these flights. 

Another matter of profound interest is the variation of the 
number of rays received with change of direction of our tele- 
scopes from the zenith. At the surface of the earth the num- 
ber of rays received in the horizontal direction is negligible 
compared with that received from the vertical. This results 
from the great thickness of atmosphere which horizontal rays 
must traverse. Even at 40,000 feet we should expect but a 
small number of rays from the horizontal as compared with 
the vertical. We were surprised, therefore, when our results 
obtained in the first of the flights gave a horizontal intensity 
as much as 20 per cent. of the vertical at 40,000 feet. Evi- 
dently something was happening to eliminate the absorption 
which the rays might be expected to experience in coming 
horizontally through the atmosphere. We concluded that the 
rays which entered our telescopes horizontally had not really 
traveled all the way through the atmosphere in that direction, 
but had been swung around in their paths from more vertical 
directions by the earth’s magnetic influence. We were 
therefore not so surprised when, in the Piccard flight, we 
found that the horizontal effect was more than 50 per cent. 
of the vertical effect at 53,000 feet. In the most recent flight, 
the number of rays received in the horizontai direction at 
72,000 feet is practically equal to the number received in the 
vertical direction. Figure 12 shows the intensity of the cosmic 
radiation plotted against the angle from the vertical, for the 
observations obtained at the highest altitude in the three 
flights. 

It is to be observed that with a horizontal telescope the 
cosmic rays come from both ends; and the intensities above 
cited refer to the total number of rays counted per unit of 
time by the telescopes. In spite of the fact of a telescope 
counting from both ends for the horizontal case, or for any 
other case, however, its records are truly representative of the 
contribution of the rays to the ionization which would be 
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produced in the gas in a closed vessel for the direction con 


cerned. 


For this reason, it is possible to utilize such curves 


as are represented in Fig. 12 for a computation of the total 
ionization in a closed vessel at any of the altitudes concerne: 

If we do this we find that our observations indicate an 
increase by a factor of 100 between the ionization per secon 
which would be produced in a closed vessel at 57,400 feet 
the altitude of the maximum in Fig. 11 A, and that produced 
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at sea level. Taking the corresponding case for the Sett| 
Fordney flight for the same altitude an ionization per cubi: 
centimeter per second 400 times that at sea level was obtain 
on the basis of a value of 2.48 ions per cc. per second quote: 
by R. A. Millikan. Our ratio calculated for the change « 
ionization with altitude is consequently less than that o! 
served by a factor of 2. It is probable that the differenc: 
is the result of the contribution of the walls of the vessel in 


ionization measurements. 


We know that the cosmic rays 
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cause the emission of secondary radiations from substances 
and these radiations contribute to the production of ionization. 
Our knowledge of this phenomenon leads us to the conclusion 
that if we should start with a vessel of very small wall thick- 
ness and gradually increase the thickness, the ionization 
within would first increase on account of the presence of 
these secondary rays but would subsequently diminish as 
the wall thickness was further increased to a point where it 
became effective in absorbing the entering rays. It is the 
ionization from the secondary rays originating in this inner- 
most layer of the vessel with which we are mainly concerned. 
Now we know that the cosmic radiation consists primarily of 
two components, a soft component and a hard component, the 
former of which increases with altitude at a rate of four times 
as fast as the corresponding rate for its companion, the hard 
component. At the surface of the earth the soft component 
contributes only a small portion of the measured intensity, the 
main part being contributed by the hard component. On the 
other hand, at great altitudes the soft component dominates 
the hard component. Now our knowledge of the production 
of secondary radiations from materials teaches us that the 
intensity of these secondary radiations increases with altitude 
at about the same rate as that of the soft component. If, 
therefore, there is even a little of this secondary radiation at 
sea level, an amount whose contribution to our ionization 
measurements is only a fraction of the contribution by the 
hard component, that small amount will be very significant 
when it has experienced the large increase which it gains at 
high altitudes. The net result is that the ratio of the high 
altitude intensity to the sea level intensity will be much 
greater than had this secondary radiation been absent. In 
the case of the counter measurements this secondary radiation 
is not so effective, for various reasons, not the least of which is 
the fact that the material of the counter telescope apparatus, 
being of low atomic weight on the average, is less effective in 
producing such radiations than is the material of which most 
ionization chambers are made. By submitting the matter to 
calculation in terms of our knowledge of the magnitudes of the 
quantities concerned it becomes readily possible to account, 
along the foregoing lines, for the difference between the ioniza- 
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tion chamber measurements and those obtained from ou: 
counter telescopes.° 

If for the various angles from the vertical, we should plot 
the intensity of the cosmic rays as measured by our telescope: 
against the path traveled as measured, in our equivalent wate: 
atmosphere from the top of the atmosphere along the direction 
of the axis of the telescope, we should expect to obtain a curv: 
which was the same for all angles, at any rate to a first ap 
proximation; for, obviously, if the rays enter the atmospher 
equally in all directions, the only thing which our telescop: 
should be aware of is the distance from itself to the top of th: 
atmosphere measured along the direction of its axis; sinc 
it is this distance which determines the absorption of the rays 
When for the different angles we plot the curves against this 
distance, we find, as shown by Fig. 13 that except near the 
top of the atmosphere, and except for the largest zenith angle 
all of the curves fall more or less together. As already stated, 
the situation is complicated by the influence in bending the 
paths of the cosmic rays, so that we should expect abnor 
malities to exhibit themselves at the highest altitude and at 
large zenith angle. 

Incidentally it may be mentioned that it has been cus 
tomary in the past to reduce observations taken with ioniza 
tion chambers to corresponding data for vertical radiation 
such as is measured by our counters, by a process in which it is 
assumed that the variation of intensity with zenith angle is o! 
the same form as is found at sea level. Our intensity zenith 
angle curves for the flight of Explorer II, those for the Piccard 
flight, and those for the flight of Explorer I show that this 
procedure is entirely inapplicable for high altitudes. 

It is unfortunate that we were unable to obtain mor 
observation for altitudes other than the highest altitudes; but, 
that circumstance was unavoidable and was determined by 
the processes concerned with the navigation of the flight itsel! 


5 In the comparison of the observations from different flights, however, an 
this applies also to our comparison with Regener’s data, we cannot speak with 
certainty as to what the comparison should yield without knowledge of the effec‘ 
of differences in the latitudes at which the experiments were performed. Unfors 
tunately, our knowledge of what the latitude effect should be at high altitudes 
very meagre. 
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Arrangement has been made with the Army for a series of 
airplane flights at the lower altitudes; and, we are planning 
to send the apparatus up again in this way so as to improve 
the accuracy in those regions where the balloon flight itself 
was not able to supply us with data as good as we could have 
wished. As I stated in my report last year, in my judgment 
one of the most important things to determine is an accurate 
knowledge of the variation of the cosmic ray intensity in one 
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definite direction, preferably the vertical direction in the 
atmosphere, because the story of that variation is controlled 
directly by and is therefore a means of obtaining information 
concerning the fundamental processes which are at work in 
giving rise to the phenomena which we actually observe in our 
measurements of cosmic radiation. 

A variation in the method of attack upon the problem is 
being made by Dr. T.!H. Johnson and Professor Jean Piccard, 
who is now associated with our laboratory. Following the 
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general principle of the method used by Regener, Drs. Johnson 
and Piccard are sending relatively small unmanned balloons 
to different altitudes for the purpose of measuring the intensity 
of the cosmic radiation with Geiger counters. One new ele 
ment involved in this procedure consists in the utilization of a 
balloon made of cellophane instead of rubber as has formerly 
been used. Cellophane is very light and strong and is there 

fore well adapted to the purpose. The cosmic ray recording 
mechanism comprises in the first place a Geiger counte: 
telescope unit. Some of the parts normally associated with 
such a unit would be inconveniently heavy to carry on a 
balloon of this type. In particular, the high potential battery 
is such a part, as is also the recording mechanism. For this 
reason Dr. Johnson is using what amounts to practically a 
little electrostatic machine which generates the potential, and 
is operated by the weight of the whole apparatus hanging 
from the balloon. This weight falls slightly in relation to th 
balloon during the flight and operates the mechanism in the 
same kind of way that the weights on a grandfather clock, by 
falling, operate the clock. Then instead of having a recording 
mechanism on the balloon, the impulses through the cosmic: 
ray telescope are caused to operate a small radio transmitting 
device by which means it is possible to observe the impulses 
by a receiving apparatus on the ground. Finally, it is neces 

sary to know the pressure of the external air in order that the 
altitude may be known. This is again given by radio trans 

mission from a device in which a column of mercury is caused 
to make contact with a wire, complete an electric circuit and 
send out a radio impulse which can be received on earth 

Unmanned balloons of this type have the advantage that the) 
can be sent up at all latitudes and from places where th 

ascent of a large balloon would be impracticable. Moreove: 

the cost of such an apparatus is negligible compared with that 
of a normal stratosphere flight. One cannot expect to attain 
the same degree of precision in any one experiment as can bi 
obtained in a larger balloon; but one may repeat the measure 

ment several times. The whole apparatus is nearing its 
final stage of completion and it is hoped that the initial flight 
may be planned in the near future. 

Measurement on Variation of Cosmic Ray Intensity wil 


Dec., 1936.] REPORT ON BarTot RESEARCH FOUNDATION. 681 


Latitude.—In my former reports I have said much concerning 
the effect of the earth’s magnetism in deviating the paths of 
cosmic rays which approach the earth. Such deviations result 
in variation of cosmic ray intensity with latitude. Indeed, it 
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The upper picture shows a system of cosmic ray counters arranged to measure the intensities 
it different zenith angles. 4 F 
The lower picture shows the recording apparatus, with the recording dials to the left 


was by the discovery of this latitude effect, by J. Clay in 
Europe and by A. H. Compton in a world survey that we were 
gradually forced to the conclusion first that some and then 
practically all of the primary cosmic rays entering our at- 
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mosphere are of the charged particle type. Associated with 
this latitude variational phenomenon was another having 
do with the variation of cosmic ray intensity from differen: 
points of the compass; and, as you will recall, Dr. Johnson o! 
our laboratory has been very active in investigating thi 
phenomenon with Geiger counter telescopes in different parts 
of the earth and at various altitudes. 

The actual variation of cosmic ray intensity with latituc: 
has usually been made by measuring the ionization which thx 
rays produced in a gas contained in a spherical chamber. [, 
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such a procedure one studies a sort of average of the intensitic- 
from different directions. A more clear-cut result is obtained 
if one should study the latitude effect corresponding to th 
intensities in specific directions. With this end in view D: 
Johnson devised a Geiger counter telescopic arrangement 
suitable for mounting aboard a ship and operated almost 
exclusively automatically. The apparatus was also capabl 
of determining for different directions the difference between 
the intensities from the east and from the west. The records 0! 
the cosmic ray counters were made by causing them to operat 
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a system of dials which were photographed automatically at 
intervals. 

Figure 14 is a picture of the apparatus and is sufficiently 
described by the legend attached. Figure 15 is a photograph 
of the enclosed apparatus mounted aboard the ship. Through 
the courtesy of the Grace Line this apparatus was taken on 
two occasions from New York to Valparaiso, Chile and back. 
The most successful observations were obtained on the second 
trip and are represented in Fig. 16 where the latitude is indi- 
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cated horizontally and the vertical intensity vertically. The 
very distinct dip in this curve is representative of the latitude 
effect which is here more pronounced than is given by ioniza- 
tion chamber measurements since the vertical intensity is more 
sensitive to the latitude effect than is the average intensity. 
One of the most interesting features of this curve lies in the 
position of the minimum which coincides with neither the geo- 
graphical equator nor the magnetic equator. The most sim- 
plified view of the latitude phenomena would give this 
minimum as occurring at the magnetic equator, which is 15 
degrees south of its place of actual occurrence. When Dr. 
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Johnson examined the distribution of magnetic intensity i: 
these regions, however, he found, as is quite customary i: 
[t i 
believed that this local variation extending outwards, 0! 
course, far beyond the limits of the earth’s atmosphere i: 
responsible for the shift of the minimum from the averag: 
magnetic equator. It is found that this idea fits the fact 
quantitatively, as will be seen from Fig. 17, in which now th: 


terrestrial magnetism, a relatively large local variation. 
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vertical intensity is plotted against latitude as before but is 
accompanied by a plot of the horizontal magnetic intensit) 
It will be seen that the actual horizontal magnetic intensity 
has a maximum where the vertical cosmic ray intensity has a 
minimum. The situation is in fact as though the magneti 
equator were distorted in this region to the extent of the 15 


degrees already referred to. 


As already stated, the observations also extend our know! 
edge of the east-west asymmetry. As regards the gross figur 
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the results are here in harmony with what was to be expected. 
A detail of special interest, however, lies in the fact, again to 
be expected from theory, that the latitude effect of the cosmic 
ray intensity varies with the zenith angle and with the azimuth 
of the telescope. Although such phenomena can be predicted 
from theory, their experimental realization is of profound 
importance because it is by comparing our experiments with 
the theories at all stages of progress that each supplements 
and suggests advances continually in the other. 

Measurement of Atomic Bursts in the Stratosphere, and 
Allied Phenomena.—\n my former reports I have referred to 
the fact that cosmic rays falling upon matter, and in particular 
upon heavy elements, produce, occasionally, sprays of rays 
which themselves possess the power to do the same kind of 
things that the cosmic raysdo. We speak of these phenomena 
as atomic bursts, because the whole phenomenon has some- 
thing of the characteristic of an explosion in which a lot of 
debris of all kinds is shot out in all sorts of directions. In my 
last report I pointed out how Dr. and Mrs. Montgomery of our 
laboratory had found that the frequencies of occurrence of 
these bursts increased from sea level to the top of Pike’s Peak 
by a factor of 25, whereas the cosmic ray intensity itself 
increased by a factor of only 5. It was therefore of profound 
interest to continue these investigations to the still higher 
altitudes of the stratosphere; and to that end an apparatus 
was carried on the last National Geographic U. S. Army Air 
Corps Stratosphere flight. I described this apparatus in my 
last report, and Fig. 9 shows a picture of it. Atomic bursts 
occurring in a slab of lead separating S and G send their rays 
into the sphere S containing compressed nitrogen and in this 
sphere they produced a spurt of electrical conductivity which 
results in a surge of electric current as a result of the batteries 
connected with the sphere. This surge of current was made 
to operate two delicate electroscopes whose indications were 
then photographed on a moving film. Figure 18 is a 
picture of the electroscope assembly. Since the sizes of these 
atomic bursts vary enormously in magnitude from very small 
bursts to very large ones, we had to decide which ones we 
would investigate, since it is impracticable to arrange an 
apparatus for investigating all sizes and yet having con- 
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venient simplicity for operation under the conditions of t! 
flight. In view of the fact that former observations ha 
intimated the possibility of very large atomic bursts occurring 
in the stratosphere, we designed the apparatus with a specia 
view toward the detection of such bursts if they occurred. 

If we should assume that atomic bursts phenomena i: 
creased with altitude in the same kind of way as the cosmi 
ray intensities increase, but with a greater rapidity of increas 
such as would correspond to the observations at sea level an 
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The two electroscopes are shown at the back of the picture. The lamp between the 
nates the fibers and to the right and left of the electroscopes are seen the prismatic optical s 


which project the images of the fibers on to the cameras which are shown, partially, in the fores 


Pike’s Peak, then a conservative estimate shows that w 
should conclude that at the ceiling of the last flight (72,0 
feet), we should have observed about 52 bursts above th 
measurable size, during the period of observation. [1 
actuality no bursts above the measurable size were observ: 
with certainty. We can therefore conclude that the rate o! 
increase with altitude of the numbers of these large bursts do 
not continue to show itself for high altitudes in the same degr 
as would be suggested by the rate of increase of bursts « 
slightly smaller sizes from sea level to Pike’s Peak. 
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One of the things which it is most of interest to investigate 
concerning cosmic ray phenomena in the stratosphere is the 
type of particles which we find there as responsible for the 
cosmic ray effects. It has been suggested that alpha particles, 
which are positively charged atoms of helium, are among the 
things which figure as cosmic rays. It has been suggested 
that protons, which are positively charged atoms of hydrogen, 
occur. Positive and negative electrons have also been sug- 
gested. For these reasons it would have been very desirable 
to have carried into the stratosphere an apparatus for ob- 
serving these particles by the so-called cloud expansion method 
which has been used so intensively by physicists for the last 
twenty years. As you will recall, the principle of this method 
utilizes the fact that if we have a chamber containing moist 
air and then expand it, the air will cool and condense on any 
particle which may be found in the vicinity. It will condense 
upon dust particles, for example. If, however, the air is 
free from dust, then it will have difficulty in condensing at all. 
If, however, a ray capable of producing ions, that is, broken 
molecules, is passed through the chamber at the instant of 
the expansion, the ions which it produces act as centers of 
condensation for the water, so that the track of the particle 
is rendered visible. Dr. Locher of our laboratory has given 
much attention to the design of such cloud expansion cham- 
bers, particularly for the purpose of recording cosmic ray 
phenomena; and he was one of the first to observe cosmic 
rays by this method. Figure 19 is one of the cloud chambers 
of Dr. Locher’s design and was indeed made primarily for 
high altitude work although it is not suitable for work in a 
balloon.® 

Dr. Locher designed a special type of cloud expansion 
chamber for the National Geographic Stratosphere flight. 
This was all ready for operation and was in the gondola 
prepared to ascend at the instant when, in the first flight, the 
balloon ripped on the ground. The necessity of making as 
sure as was humanly possible of success in the last flight 
resulted in the elimination of some of the scientific apparatus, 
particularly that which would require some attention by the 


6 These pieces of apparatus have been described in detail in a paper by Dr. 
G. L. Locher in Rev. Sct. Instr., December, 1936. 
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flight personnel and the cloud expansion apparatus had to |) 
eliminated for this reason, so it was not carried on the fligh 
which was successful. However, there is another method o| 
obtaining information somewhat similar to that given by th 
cloud expansion chamber, although the interpretation o| 
results from it is more difficult. I refer to the use of specia 
photographic plates. Such a particle as an alpha partici 
when striking a photographic plate dives into the emulsio: 


Fig. 19. 


and reduces the silver salts to a condition which, on develop 
ment, results in the formation of metallic particles of silve 
which show as a number of black dots along the track of th: 
alpha particle. The number of these dots per unit of lengt! 
is intimately related to the ionization which would be pro 
duced in a gas per unit of path by the alpha particle. Th 
tracks in the emulsion are, of course, very short; but, )) 
examining them under a microscope it is possible to stud 
them. The tracks produced by hydrogen particles, and 
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protons, are quite different from those produced by alpha 
particles, and by careful observation can be distinguished 
from them. 

Drs. Locher and Rumbaugh have prepared a number of 
suitable photographic plates and have exposed some of them 
at the top of Pike’s Peak, some of them in the stratosphere 
and some at sea level. The individual plates were covered 
with layers of a number of elements so that evidence might 
be obtained concerning nuclear particles having their origin 
in these elements. Some of the plates were covered with 
paraffin. 

The total plate area exposed in the stratosphere was 
about 3,000 square centimeters. As you will readily see, a 
complete examination of all of these plates will take a very 
long time. It would greatly facilitate matters if everybody 
in this room took a part, which would probably constitute a 
greater work for science than listening to my lecture. In all, 
Dr. Rumbaugh has examined about 70 square centimeters of 
plate area. Of this 70 square centimeters, 60 corresponds to 
plates in the stratosphere, and about 10 to paraffin covered 
plates at sea level or at the top of Pike’s Peak. 

In interpreting the results from such plates we have first 
to remember that the atmosphere in its natural condition is 
contaminated with radioactive material, as is everything else, 
including the plates themselves. For this reason, alpha 
particle tracks due to such contamination are always to be 
found in the plates. Figure 20 is an actual photograph of 
nuclear particle tracks. Picture A and picture B show two 
pairs of alpha particle tracks. While these were obtained in 
the stratosphere plates they probably correspond to radio- 
active contamination, particularly as each picture represents 
two tracks springing from a common center. Picture C is an 
alpha ray track created in the laboratory by exposing the 
plate to polonium. Pictures D and E will be referred to later. 
We may distinguish alpha particles arising from radioactive 
substances from those which could function as cosmic rays 
by the fact that the former have comparatively small energy 
and produce tracks which are very short. Thus, for example, 
an alpha particle from radioactive material would produce in 
the plate a track only about 30 or 40 microns in length. An 
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alpha particle which had an energy such that a hundr 
million volts would be necessary to produce that energy, an 
which would correspond to quite a soft cosmic ray, would 
produce a track about 30 or 40 times as long. However, to 
safeguard all contingencies a policy has been adopted « 
comparing the plates exposed at high altidudes with thos: 
exposed at sea level. 

The search for alpha particles is of importance becaus: 
has been suggested that long range alpha particles form ai 


Fic. 20. 


apne a . — 
(oteatoephore) (stratosphere) Toazateataen) 
D wg Pr 


important contribution to the cosmic radiation at hig! 
altitudes. Neither in the plates exposed at the top of Pik: 
Peak nor in the 60 square centimeter of plates exposed in th 
stratosphere did Dr. Rumbaugh find as much as one alpha 
ray track which was of sufficient length to have significan 
as a cosmic ray. However, I think we must be careful as t 
how we interpret these results in their bearing upon t! 
possible existence of cosmic ray alpha particles. For, a 
have already remarked in connection with the experim 
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designed to search for protons at sea level, a charged particle 
of high energy would ionize only to an extent comparable 
with the ionization produced by a high energy electron. 
High energy electrons do not effect photographic emulsions, 
and there is every reason to believe that if the cosmic rays 
contained alpha particles, the majority of these alpha particles 
would have energy too high to affect the emulsion. The 
story in fact becomes exactly analogous to that cited for the 
proton experiment. Our plates will be insensitive to all of 
the alpha particles passing through them except those which 
are so near the end of their journey that their photographic 
activity is large. 

If for the moment we should assume that all of the rays 
measured by our counters in the stratosphere were alpha 
particles we should find that, using our Geiger counter data, 
about 3,000 alpha particles must have passed through each 
square centimeter of the plates during the two hour period at 
the ceiling, and through the 60 square centimeters examined 
about 600,000 alpha particles would have passed. Now 
according to the data quoted by Professor Compton about 
6 ten thousandths of the particles passing through an area 
would be absorbed in the next millimeter of their journey in 
a substance of the density of water. Moreover, those particles 
which have only the equivalent of a millimeter of water path 
left to them would according to theory have an energy such 
as would be given to an electron by a hundred million volts. 
It is believed that such particles would have enough energy 
to show themselves as visible tracks.’ We should therefore 
expect to have found on the 60 square centimeters of plate 
area exposed for two hours in the stratosphere about 6 ten 
thousandths of 600,000 tracks in other words about 360 long 
range alpha particle tracks. It would therefore seem that 
certainly less than something of the order of 1 per cent. of 
the cosmic rays measured by Geiger counters in the strato- 
sphere can be attributed to high energy alpha particles.® 


7 As a matter of fact, Dr. Wilkins, who also had some plates exposed in the 
stratosphere, has reported the existence of one track corresponding to an alpha 
particle of a hundred million electron volts energy. 

§ Since this report was presented, the complete account of this work has been 
published, see L. H. Rumbaugh and G. L. Locher, Phys. Rev., 49, 855 (1936). 
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The significance of these results will naturally be enhanced 
more of the plates are examined. 

Another matter of significant interest concerns the search 
for neutrons. As I have already remarked, neutrons ar 
difficult to detect directly. They do not ionize a gas through 
which they pass and presumably they do not affect photo 
graphic plates. However, they are very efficient in imparting 
high velocity to hydrogen atoms which they encounter 
knocking out of them their simple nuclei which are protons, 
and endowing them with sufficient energy to make them 
observable by ionization effects, by cloud chamber phi 
nomena, or by photographic action. Almost any substanc 
containing hydrogen will serve as a target in which the neu 
trons may generate protons. Paraffin is such a target, and 
even the emulsion of the photographic plate itself serves as a 
target. Now at sea level Dr. Rumbaugh has found less than 
one track per two square centimeters during a period of two 
months. In fact in the whole six square centimeters o! 
plates exposed and examined at sea level, only two tracks 
which might have been proton tracks were observed for th 
period of two months. However, on the other hand about 
six square centimeters of the paraffin covered plates exposed 
for two hours in the stratosphere yielded about 30 proto: 
tracks. Figure 20, D and E, shows two such tracks. \ 
careful examination of them shows that the grain spacing is 
about one and a half times as great as for the alpha partic! 
tracks shown in A, Band C. It would therefore seem reason 
able to suppose that neutrons exist in measurable amounts i! 
the stratosphere. This does not necessarily mean that the) 
contribute an important factor in cosmic ray phenomena 
They do not affect our counters directly. They could not 
affect them through the protons which they bring into evi 
dence because those protons have too short a range to pass 
through our counter telescopes. We can arrive at the energ) 
of the neutrons by dynamical considerations applied in 
relation to the energy which they impart to the protons 
And taking into account their efficiency of production 
protons and therefore the number which actually exist 
relation to the number which Drs. Locher and Rumbaug! 
have found we arrive at the conclusion that their total ene: 
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is insufficient to contribute a significant amount to the total 
ionization of the atmosphere in the stratosphere. 

The Pike’s Peak data on these plates have an interesting 
bearing, from another angle, upon the possibility of protons 
forming part of the cosmic radiation. Suppose, for example, 
that all of the radiation at sea level was of the proton type. 
Then the number of protons passing through a square centi- 
meter in an hour at sea level would be about 36. Even though 
we should assume that no more protons than are to be found 
at sea level are to be found at the top of Pike’s Peak, we should 
then expect that through the plate area 6 square centimeters 
there exposed, about 216 X 800 protons would pass during 
the 800 hours in which the plates were exposed. Now we 
know that a ten million volt proton would affect a photo- 
graphic plate and that such a proton has a range of about 
one millimeter of water. If we assume the coefficient of 
absorption of the protons cited by Compton, namely 0.08 
per meter of water, we arrive at the conclusion that 0.08/1000, 
i.e., 8 X 107°, is the fraction of the protons passing through a 
plate which would record themselves. This fraction when 
applied to the number 216 X 800 given above results in 8 
protons as the number which should have given tracks in the 
Pike’s Peak experiment. In actuality not more than two, 
and these both doubtful, were observed. We therefore have 
from this entirely different angle evidence against the occur- 
rence of protons as a significant contribution to the primary 
cosmic radiation. As a matter of fact, the fact that the 
observations were taken at the top of Pike’s Peak has no 
particular bearing upon this discussion. It simply happens 
that we had a period of 800 hours exposure for the Pike’s 
Peak plates in contrast to a much smaller number of hours 
for the sea level plates. 

Further Experiments on the Nature of Cosmic Rays.—In 
my last year’s report I described a theory of cosmic rays, 
which has since been published, and which was to the effect 
that the primary rays, whatever they are, pass for the most 
part right through the atmosphere. It was supposed that 
they shoot out from the atoms of the air secondary rays all 
along their path and that it is these rays which are for the 
most part measured by our Geiger counters. The increase 
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of the measured intensity with altitude is provided for by th 
assumption that the number of long range secondaries pro 
duced per unit of path of the primaries increases with altitud: 
approximately in proportion to the energy of the primar) 
particle, which primary energy increases of course with 
altitude because the primaries lose energy by the production 
of secondaries as they descend into the atmosphere. 

Now it would, of course, be highly desirable to make a 
direct experimental test of this hypothesis. Viewed in its 
simple aspect the situation is as follows. Suppose that 
primary ray AB produced secondaries and that the range o! 
these secondaries is a certain distance R. Then if the 
hypothesis is correct and if we should place at A an area o! 
Geiger counters so arranged that they record separately 
singles, doubles, triples, etc., we might expect that their 
actual records would always be of practically simultaneous 
rays as many in number as were produced in the distance R. 
In practice we should not expect to realize this condition, 
however, because the distance R in air might be several 
hundred meters and the spreading of the secondaries would 
prevent their striking an area at A which was of laboratory 
dimension. However, it is possible to work around this 
difficulty by the following procedure. Suppose we first 
measure the rays received by our counter area from the sky 
We may expect that nearly all of these rays will be unaccom 
panied by partners. Let us now place over the counter area 
a layer of water of thickness greater than the range R of the 
secondaries. The primaries will produce secondaries which 
are more closely spaced under water than in the air, so that 
the spreading will not be as important. If, as seems not 
unreasonable, the range R of secondaries is of the order 3 
meters in water, all of the secondaries, or a goodly proportion 
of them, produced by a primary directed through the cente! 
of the area might themselves pass through the area. Under 
these conditions all of the rays passing through A would be 
accompanied by partners. It is thus possible by such a 
procedure to test the hypothesis as to practically ever) 
measured cosmic ray being accompanied by partners pro 
duced, presumably, by a common agent. In general it would 
be impracticable to deal with a thickness of water as great a: 
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the range R, and it becomes necessary to study the meaning 
of the experiment when applied to a smaller thickness h. 
Under these conditions there will be a proportion of the 
secondaries received by A which have come through the water 
from distant points in the atmosphere, and the partners of 
these rays will, in general, fall well outside of the area. Let 
s be the average distance between the ejection of successive 
secondaries from the water by a primary. Then it is possible 
to calculate the fraction of primary rays which will be accom- 
panied by no secondaries from the thickness h, by one second- 
ary from the thickness h, by two secondaries, and so on. 
Students of probability will recall that if x is the average 
number of secondaries ejected by a primary from the thickness 
h, the chance of ejection of m secondaries from that thickness 
is x"e~*/n!. The value of x in our case is h/s, from which 
we can readily show that if we have N primaries, and if h/s 
is reasonably small, we may expect N(1 — (h/s)) rays to be 
unaccompanied by secondaries.* Hence, Nh/s rays will be 
accompanied by one or more secondaries. 

If the water were not present we should receive practically 
no secondaries from the primaries which passed through A, 
but we should receive secondaries which had scattered from 
other primaries which had not passed through A, and on the 
whole the number of secondary ranges received would be the 
same as if all of the secondaries from the N primaries had 
passed through A, but the number of these secondaries per 
primary would not pass through A simultaneously with one 
another or with any single primary passing through A. The 
number of such secondaries from the N primaries will be 
NR,/sqa where the subscript refers to air. If, as seems reason- 
able R,/sa is the same as R/s for water, we may write for 
the number in question NR/s. If h/s is small, this will 
practically be the number of single secondary rays which 
pass through A per N primaries, and the corresponding 
number of single rays primary or secondaries is N(R/s + 1). 
Hence if # = number of counter discharges containing more 
than one ray, and P = number of single rays, primary or 


* Strictly speaking, Ne~*/* are accompanied by no secondaries, N(h/s)e~*’* 
by one secondary, N(h/s)*e~*/* by two secondaries, and so on. 
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ae: Nh/s wes. 
P N(R/is+1) Rts 


If h = 1 meter, and R + s is as great as 10 meters, p/P wor 
amount to 0.1. 

In view of the possibilities that the primaries may | 
ionize, it is important to extend the calculation to this cas 
We are now concerned with the case where we have two 
more secondaries simultaneously from the thickness h. 1! 
number in question is 


Our value of P for the present case is NR/s and 


eS * Yen) . 
Pa(:-(1+" é / (Rijs): 


if h/s is small this becomes 


UE 


P 2Rs° 


For a case where h = 1 meter of water, R = 3 meters ar 
s = 10 meters, for example 


P 
P 


= 1/60. 


In the case of an area of 500 square centimeters, P wou! 
amount to five counter discharges per second, and p woul 
amount to I counter discharge of multiple variety in 12 
seconds. Mr. Ramsey and I are now engaged upon an expe! 
ment founded upon the foregoing principles. | may add that 
certain additional precautions must be taken to eliminat 
the effects of small atomic bursts or showers originally in th 
water, but | will not pause to describe these here. 

The Ionization Produced per Centimeter of Path by Cosmi 
Rays.—I have already stated that a charged particle of high 
energy carrying the electronic charge produces about 30 ion 
per centimeter of path. It is not so long since there was 
considerable doubt as to the magnitude of this quantity 
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values ranging as high as four times the above value having 
been quoted. The former values had always been obtained 
by indirect methods. Two or three years ago, with the 
assistance of Mr. Ramsey, I was able to devise and utilize a 
direct methdéd for the measurement of this quantity with the 
result that the lower values were confirmed.’® It was clear 


FIG. 21. 
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from the experiment that certain additional phenomena of 
interest were playing a part. Moreover, the experiment was 
not designed to give results of the highest accuracy, but 
rather to test the gross features of the phenomena. Since 
that time Mr. Ramsey and I have remodeled the experiment 
in such a way as to give more accurate results. The general 
principle of the method is represented in Fig. 21. A is a 


WW. F.G. Swann, Phys Rev., 44, g61 (1936). 
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copper cylinder 15 centimeters long and 7.5 centimeters ; 
diameter. We wish to measure the spurts of ionizatio: 
produced by a single cosmic ray traveling nearly parallel | 
the axis of this cylinder. In order to concentrate our atte: 
tion exclusively on such rays, therefore, we had three Geig: 
counter areas B, C and D above and below the cylinde: 
arranged so as to record only when a ray passed through t! 
uppermost and lowermost areas. The spurts of ionizatio: 
were measured by the utilization of an amplifier and suitab): 
galvanometer whose design formed one of the important 
features of the experiment but which we need not descrily 
here. The plan was then to pay attention only to thos 
spurts of ionization which were accompanied by a record from 
the counters. The collection and electrical measurements 0! 
the spurt produced by the ions involves having a central 
electrode with a difference of potential between itself and the 
outer cylinder. If this central electrode is very small th: 
time of collection of the ions is large; and during that time of 
collection, other ions may be generated by rays passing 
through the large cylinder in all sorts of directions. This 
bonus to the spurt of ions measured may constitute a ver) 
serious error. For this reason the central rod should be larg: 
If, however, it is large, then the most desirable rays for ou: 
purpose, namely those which pass very nearly parallel to th: 
axis and through the center of the cylinder, will lose a lot o! 
their ionization path in the rod. For this reason the rod wa 
made hollow, so that ions could be produced inside of 
Then for the collection of these ions a central wire was place 
down the hollow rod. It was arranged that the time ot! 
passage of an ion from the wire to the hollow rod was sensib) 
the same as the time of passage from the outer cylinder 
the hollow rod and was as small as possible. It was th 
hollow rod that collected the ions measured; and, it will |» 
seen that, except for the small path in the very thin wall o! 
this rod itself, the whole path of an ionizing ray was effectiv: 
in contributing to the measured results. 

The main story of the results is contained in Fig. 22, in 
which the abscissa of any point represents the size of th 
spurt measured by the number of ions, and the ordinat 
represents the numbers of spurts obtained in a given time a! 
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corresponding to a small specified range of sizes centering 
around the size specified by the abscissa. The interesting 
thing about this curve is that there are two main peaks 
indicating spurts one of which is double the other. The peak 
for the spurts of the lower size corresponds to rays which 
produce about 50 ions per centimeter of path in argon at 
atmospheric pressure. The story of the other peak is of 
considerable interest. The fact that the spurts for this peak 
are just double those for the other suggests that two rays are 
involved in the larger spurts, for by none of the recognized 
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theories of ionization would we expect to find two different 
entities, two entities differing in charge for example, of such 
a nature as to have ionization efficiencies in the ratio 2 to I. 
It is probable that the double values are produced by two 
electron-like rays passing through the vessel together. The 
simultaneity of these rays demanded by the fact that they 
contribute their quota within the same small time of collection 
prohibits their being regarded as the result of two unrelated 
rays which happen to go through the vessel together. The 
most obvious possibility lies in the supposition that a single 
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ray passing through the top of the cylinder may produc 
therein a secondary ray within a distance of emergence fro: 
the wall, on the inside, less than the range of the seconda: 
ray. In this case the secondary will pass through the ga 
and contribute to the ionization. 

The general background which prevents the peaks fro: 
being sharp and provides for spurts of sizes different fro: 
those of the peaks, has an interpretation which is bound u 
with certain complications which we shall not consider no) 


FiG. 23. 


but which do not affect the conclusions as to the specifi 
ionization measured. One of these complications concer! 
secondaries generated in the gas itself. 

The Nature of the Entities Producing Atomic Bursts. 
have already referred to the existence of atomic burst 
associated with cosmic ray phenomena. These range ove! 
all sizes from bursts consisting of only two rays to tho: 
consisting of several thousand. It has been a matter « 
great interest to students of the subject to inquire whethe: 
these bursts are produced by protons or by charged partic! 
or by both. Evidence concerning this matter is to be fou! 
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from cloud chamber photographs. Figure 23, for example, 
shows such a photograph obtained by Dr. J. C. Street, 
formerly of our laboratory and now at Harvard. It shows a 
burst originating in a slab of lead, and it is obviously associated 
with, and presumably produced by an ionizing ray, an electron 
or positron entering the lead on the upper side. On the 
other hand, Fig. 24, also obtained by Dr. Street, shows a 
burst apparently produced by nothing, for there is no ray, 
which is visible by its effects, entering on the upper side of the 


Fic. 24. 


lead. This phenomenon could have been produced by a 
photon ray because photons do not ionize and therefore do 
not record themselves in the cloud chamber. The cloud 
chamber therefore provides a means of ascertaining what 
fraction of the bursts are produced by ionizing and what 
fraction by non-ionizing rays. In order not to be pedantic 
I shall say that it provides a means of determining what 
fraction of the bursts are produced by electrons and what 
fraction by photons. However, the cloud chamber method 
has its disadvantages as well as its advantages, and, in order 
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to attack this problem by an entirely different procedur: 
Mr. W. E. Ramsey has devised and put into operation a 
experiment which may briefly be described as follows. 

In Fig. 25, A is a slab of lead in which the bursts ar 
produced. Above A is an area of Geiger counters labeled 


FIG. 25. 


Below A were two other counter areas B and C. The ge 
metrical arrangement of S is such that no ray can go throug! 
the areas A and C without going through S. The purpo: 
of S is to indicate every time an ionizing ray goes through i! 
It is first necessary to ascertain how well it knows this. | 
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that end it is first dispensed with and B and C are arranged so 
that they will record only when a ray goes through both. 
Let us suppose that a hundred rays are recorded by B and C 
in fifteen minutes with S not operating. The second experi- 
ment then is to arrange the electrical circuits so that if S, 
B, and C all operate no record will be made. Jn other words, 
the circuits are arranged so that the record made by B and C 
is killed as the ray goes through S. If S is aware of every 
ray that goes through it we shall under these conditions, with 
S, B, and C operating, obtain no records at all. If in our 
period of fifteen minutes where, with B and C alone operating, 
we obtain a hundred counts and if with S, B, and C operating 
we obtain only two, we shall know that S is 98 per cent. 
efficient as a trap and this is what was found. We now insert 
the lead A and the electrical connections to the various 
counters in C are made such that C will only operate if more 
than one of its counters receives a ray. The whole situation 
at this stage is now this: If an ionizing ray goes through S, B, 
and C it will do nothing for two reasons. In the first place 
being a single ray it will not operate C, and if it did, S would 
cut out the effect. Suppose an ionizing ray goes through S 
and produces a spray in the lead. Now B and C will operate 
but S will cut out the effect. Suppose now a photon goes 
through S and produces a spray in the lead, then B and C 
will operate, but S will not cut out the effect. The records 
obtained under these conditions tell us, therefore, the number 
of sprays produced by the photons. Let us now eliminate S 
completely; then B and C record the number of sprays 
produced by photons and electrons so that we are in a position 
to obtain the numbers of sprays produced in a given time by 
photons and electrons separately. 

The results obtained by Mr. Ramsey, which results are at 
present in the stage of development, are such as to indicate 
that about two-thirds of the sprays are caused by photons 
and one-third by ionizing particles, for example, electrons. 

As an extension of this experiment Mr. Ramsey is planning 
not only to seek an answer to the problem for sprays of all 
sizes considered as a group, but to seek the answer separately 
for sprays consisting of two rays, three rays, and any number 
of rays. 
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Mr. Ramsey has set up for this lecture an apparatus to 
demonstrate the actual existance of these sprays from lead." 

Further Experiments Upon Ionization per Centimeter | 
Path—tThe problem of determining the number of ions 
produced per centimeter of path of a cosmic ray is being 
attacked from another angle by Dr. W. E. Danforth an 
Mr. W. E. Ramsey. The principle depends upon the mecha- 
nism of action of the Geiger counter. You will recall that this 
appliance consists of a metal tube with a central wire down 
the middle, the whole being enclosed in a glass tube fille: 
with gas at a pressure of about 8 centimeters of mercury 
The potential difference applied between the tube and thx 
wire is just insufficient to cause an electric discharge. If a 
cosmic ray passes through and produces even one ion, the 
electric field uses that ion as a sort of bull in a china shop 
hurls it against the molecules of the gas, breaking them up 
into ions which carry on the work of destruction on their own 
account, so that, finally, the whole insulation of the gas 
breaks down and there is an electric discharge. If a cosmi: 
ray produces 30 ions per centimeter of path at atmospheri: 
pressure, then at the pressure of about 8 centimeters o! 
mercury it will produce about 3 ions per centimeter of path 
and since the Geiger counter tubes are more than a centimete: 
in diameter there is a considerable approximation to certainty 
that every ray which goes through will discharge the counte: 
Suppose now we lower the pressure in the counter. Then 
when a stage is reached such that the chance of the cosmi 
ray producing a single ion in the gas is appreciably different 
from unity, the counter will cease to respond as frequently a 
it did before to the cosmic rays passing through it. By an 
investigation of its lack of counting efficiency with reduction 
of the pressure of the gas it is possible to arrive at an estimat: 
of the number of ions which would be produced by the cosmi: 
rays per centimeter of path at a standard pressure. 

The apparatus used i is indicated diagrammatically in Fig 


1! One of the counter areas used in the first experiment was pare again. 
was placed horizontally, and the electrical currents were adjusted so that two « 
more counters had to discharge to give a record. Under these conditions, wi 
lead over the areas, a record was obtained about once per second. With 
the lead the records were decidedly less frequent. 
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26, in which in the first instance we shall confine our attention 
to diagram A. The tube a represents the counter under test. 
b and ¢ are two other counters and the circuits are such that 
a discharge will be recorded only when a, b, and c¢ operate 
simultaneously. In this way we confine our attention to 
cosmic rays coming within the limits defined by 6 and c. In 
actuality @ was represented by two counters, exactly similar 
in type and pressure, placed in tandem to increase the effect. 
For purposes of description, however, we may neglect this 
consideration. 
Fic. 26. 
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Figure 27 represents the results for hydrogen-filled counters 
and for air-filled counters. The efficiency of the counter is 
represented as a function of the pressure. Strictly speaking, 
the efficiency at any one pressure is sufficient to determine 
the number of pairs of ions produced per centimeter of path 
at normal pressure, and, from theoretical considerations, it 
is possible to draw a curve showing how the efficiency should 
vary with the pressure for the number of ions per centimeter 
of path as so determined. In Fig. 27 the curves represent 
efficiencies as functions of pressure for the ionizations per 
centimeter of path recorded on them. The curves are calcu- 
lated theoretically but the points are experimentally deter- 
mined. The agreement therefore between the points and 

VOL. 222, NO. 1332—49 
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the curve is strong evidence of the validity of the argumen 
upon which the theory of experiment is based. 

It is noteworthy that the numbers of ion pairs obtain: 
by this method is smaller than that obtained by Mr. Rams 
and myself by an entirely different method. It must 
observed, however, that the method now being descril» 
really counts the number of acts of liberation of an electro 
from an atom by the cosmic rays per centimeter of pat 
Some of these liberated electrons have energy enough 
produce ions on their own account, and, by comparison 
these results with those of Mr. Ramsey and myself, we m 
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conclude that about half of the actual ionization obser, 
occurs through the agency of these secondary processes. Ih: 
method of using a Geiger counter for studying ionization pe 
centimeter of path might possibly be subjected to criticism 
based upon the idea that the pressure changes may ha\ 
something to do with the initiation of the disruptive discharg: 
in the sense that they are a determining factor in that occu! 
rence, quite apart from the effects concerned with the pro 
duction of the ions by the cosmic rays. We can eliminat 
this criticism if it can be shown that the effect of chang: 
pressure on the efficiency is related to change of path leng' 
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without change of pressure in a manner which would be 
calculated neglecting the considerations involved in a possible 
dependence of disruptive discharge on the pressure itself. 
Now the path length may be altered without altering the 
pressure by turning the counter under test through an angle 
of say 60 degrees as shown in Fig. 26B, and repeating the 
measurements. In practice it was found that at a pressure of 
one centimeter of mercury, an average of 0.49 impulse per 
minute was obtained for condition A and 0.83 for condition B. 
The ratio of these two is 1.69. The path lengths are in the 
ratio of 2 to 1. Now it was found that, starting with the 
horizontal counter at the pressure used in this experiment, 
and then doubling the pressure leaving the counter horizontal, 
the efficiency was increased in the same ratio, 1.69 to unity. 
Thus, the increase of pressure has no observable effect on 
efficiency other than can be represented by proportional 
increase in path length. 

Use of Geiger Counters to Determine the Number of Protons 
in Cosmic Rays.—\| have already referred to our experiments 
on the search for protons in the cosmic rays. It has occurred 
to Mr. Ramsey that the principle of using a Geiger counter 
at low pressure may be used to give an independent answer 
to the question. It will be recalled that the first experiment 
which I have already described makes use of the fact that as 
we get near the end of the range of a proton, the ionization 
per centimeter of path drops considerably, so that there is 
quite a large range of path of a proton in which the ionization 
is far above the normal. Now if the primary cosmic rays are 
protons, then those particular protons which pass through 
one of our counters so near the end of their range that they 
produce especially high ionization will not be so affected by 
the pressure reduction in the counter as would be the case if 
they were electrons. It will be seen that the story of diminu- 
tion of efficiency of the counters with pressure is intimately 
bound up with the question of whether some of the rays 
which operate it are protons or whether they are all of the 
electron type. Mr. Ramsey and Dr. Danforth are engaged 
upon the problem of seeking an answer to the question as to 
the possible number of protons which may be admitted as 
claimants for the position of cosmic rays by an examination 
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of the dependence of efficiency of Geiger counters upon t! 
pressure of the gas within them. 

Further Experiments on Cosmic Ray Bursts.—Last yea: 
described certain investigations which had been carried ow! 
by Dr. and Mrs. Montgomery on the subject of atomic burst 
These investigations have been continued, and have led to 
certain important conclusions, some of which are, howeve: 
of a nature too complicated to permit of presentation in a 
report of this kind. The results have already been published 
in three papers which have appeared during the last year 
In one of these papers the Montgomerys have derived th 
mathematical expression which enables one to compute th: 
number of rays participating in a burst in terms of th 
number of simultaneous discharges produced in any assigned 
number of Geiger counters arranged so as to receive some o! 
the rays from the bursts. This expression is very fundamental! 
in the interpretation of all experiments having to do with 
measurements of atomic bursts by Geiger counters. Then 
by an examination of the dependence of the frequency of 
occurrence of bursts on the sizes of the bursts, the Mont 
gomerys have shown that there is no sharp line of demarcation 
between the so-called showers which are associated with but 
a few rays, and the bursts which involve thousands of rays 
It has been customary formerly to think that the large bursts 
represented some phenomenon of a nature entirely distinct 
from that associated with the smaller bursts which hav 
usually been referred to as showers.: The Montgomerys 
have shown, in fact, that all of these bursts belong to on 
large family; and, by utilizing the mathematical expression 
to which I have already referred, and which they have derived 
they have shown why it is that the former tendency to divid 
the bursts into two distinct classes is founded upon considera 
tions which are largely illusory. 

The Montgomerys have made measurements of the 
distance which the particles from an atomic burst can trave! 
and, among other things, have come to the conclusion that 
the burst particles are capable of traveling through approxi 
mately 11 centimeters of lead as a maximum. There 
reason to believe that as we ascend into the stratospher 
more and more of the measured effects attributable to cosm! 
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rays are produced by secondary particles generated by the 
primary rays in the atmosphere itself. This is a matter to 
which I have already referred in speaking of theories of the 
nature of cosmic rays in relation to the measured effects. If 
in the stratosphere we have two ionization chambers, one 
shielded with lead and the other unshielded, then, in so far as 
the ionization in the chambers is produced by rays of the type 
associated with showers, the ionization in the shielded chamber 
should be less than that in the unshielded chamber by an 
amount calculable from the absorption of the showers in the 
lead. At the highest altitudes attained, in the stratosphere 
flight made by Commander Settle in 1933, Drs. Millikan and 
Neyer found a difference of 68 per cent. between the ioniza- 
tions in shielded and unshielded vessels. The amount calcu- 
lated by the Montgomerys on the basis of sea level measure- 
ments on the absorption of showers in lead of the thickness 
corresponding to that of the shield gives an absorption 
amounting to 62 per cent., which is in good agreement with 
the 68 per cent. reduction in ionization actually observed, 
and suggests that most of the ionization at these altitudes is 


produced by particles of the energy of the shower particles. 
Another aspect of the work of the Montgomerys has been 
that of estimating the total energy associated with some of 
these showers. They find, for example, that many of the 
showers observed have in all an energy corresponding to more 
than that which would be obtained by an electron in falling 
through a potential difference of 30 thousand million volts. 


MISCELLANEOUS INVESTIGATIONS. 


I now turn to certain investigations not primarily con- 
cerned with nuclear physics but investigations having a 
significance bearing upon cosmic rays and atomic phenomena. 

Passage of Cosmic Rays Through Magnetized Iron.—In 
former reports I have made brief reference to an experiment 
by Dr. Danforth and myself having to do with the deflection 
produced in the paths of charged particle cosmic rays in 
passing through magnetized iron, and the apparatus and 
method of procedure has already been described. It will 
suffice to remind you that as soon as physicists had gained 
the notion that cosmic rays were in some way associated 
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with high energy charged particles, the possibility of deviati: 
the paths of these particles by causing them to pass throug 
a magnetic field became immediately a subject of er 
interest. Our ordinary views of what electro-dynamics wou! 
have to say would have led us to believe that the deviati: 
produced in a cosmic ray particle in passing through a suitalb 
chosen piece of iron subjected to magnetizing forces would |) 
about a 1000 times as great as it should be in the sam 
magnetizing force if the iron were suddenly changed to woo 
forexample. ‘The first experiments which had been perform: 
on this matter indicated that the iron had very little effe 
if any. However, an analysis of the results of these experi 
ments made by Dr. Danforth led to the conclusion that this 
drastic conclusion was unjustified. The experiments of 1: 
Danforth and myself which have just been published led to 
the conclusion that the apparent deviation of the rays lay 
intermediate between that which would be obtained if th: 
iron were ineffective and the value which would be predicted 
on the assumption that the iron exerted its full influence as 
demanded by classical electrodynamics. 

In order to understand the meaning of these experiments 
| have been led to make a rather careful theoretical analysis o! 
the situation prevailing in a piece of magnetized iron in it 
relation to the passage of cosmic rays through it. It turn 
out that the story is intimately bound up with the nature an: 
size of that entity which is the fundamental little magnet 
which, in company with its fellows of the same kind, gives t: 
the iron atom and to the iron as a whole its magnetic prope: 
ties. If this entity is very small, a cosmic ray passing 
through a slab of iron of reasonable thinness would rare!: 
come into contact with or pass through such an entity. If! 
did pass through this entity it would experience a very larg: 
deflection. It would be these very large deflections of cosmi 
rays, few in number, however, which would be responsible fo: 
making the true average deflection equal to that given by 
electromagnetic theory but which would nevertheless result 
in the practically measured average being much less than this 
The situation may be taken as analogous to the following 
Suppose we have a country of a hundred million people mo 
of whom have on the average $1,000 a year. Suppos 
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however, a hundred of these people have a thousand million 
dollars per year. Then the true average income of an 
individual is the one hundred thousand million dollars of the 
wealthy few plus the one hundred thousand million dollars 
of the majority of the people divided by the total number of 
people which is a hundred million. The average income is in 
fact $2,000. On the other hand if I start checking up banking 
accounts at random the chances that I encountered one of 
the very wealthy people would be extremely small and what 
[ should practically find would be an average income of $1,000 
a year. You will readily see that if I knew the number of 
the wealthy people but did not know how much they had, 
and if I determined the difference between the practically 
measured average income and the true average income, | 
could determine something about the incomes of the wealthy 
people. In analogous manner I have been able to show ™ 
that by experiments of the kinds which we have been doing 
and are doing, it is possible to obtain special information with 
regard to the nature of the fundamental magnetic entity. 

Designs of Special Appliances, etc.—It is natural that 
during the course of our work we continually have occasion 
to develop methods and apparatus for our needs but of such 
a nature that these methods and appliances have a wider 
field of application. Dr. Locher, Dr. Johnson, and Mr. 
Ramsey have all developed Geiger counter systems suitable 
for the rapid detection of radioactive radiations and so for 
aiding the search for small quantities of radium which may 
happen to have been lost in hospital usage, etc. 

One of the most useful things which has been developed 
during the year, for our own purposes, is a special form of 
liquid high resistance which is very constant in its character- 
istics. This has been developed by Dr. Danforth. 

In addition to the foregoing matters many of us have been 
concerned with investigations of a purely theoretical nature 
having to do with nuclear physics, with modern atomic theory 


2 This investigation, and the corresponding experimental investigation, has 
been published since the report was presented. See W. F. G. Swann, Phys. Rev., 
49, 574 (1936); also W. E. Danforth and W. F. G. Swann, Phys. Rev., 49, 582 
(1936). 
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and the like. But this is no time of the evening to fill th 
blackboard with mathematics. Many of the investigation 
which I have cited, and some which I have not, have been 
published throughout the year, and those specially interested 
will find much fuller details in these publications. 
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THE MECHANICAL SOLUTION OF SIMULTANEOUS 
EQUATIONS. 


BY 


JOHN B. WILBUR.* 


I. SYNOPSIS. 


Many problems encountered by engineers and research investigators in 
diverse fields are made cumbersome by the necessary solution of large numbers of 
simultaneous equations. The solution of such equations presents no theoretical 
difficulty, but as the number of unknowns to be obtained simultaneously, and, 
consequently, the number of equations to be solved, increases, the labor involved 
in their solution mounts rapidly. 

Early in 1934, research was started at the Massachusetts Institute of Tech- 
nology which has resulted in the construction of a machine for the solution of 
linear simultaneous equations with real coefficients. An experimental model of 
this machine was built in 1934, which, though mechanically crude, was so success- 
ful in its operation as to encourage the construction of a larger machine. The 
second machine, now in operation, was designed for the direct solution of nine or 
fewer simultaneous equations. It lends itself, moreover, to the solution of a 
larger number of equations, provided certain restrictions in their form are met. 
The theory upon which the machine is based is such that a larger machine capable 
of solving a larger number of equations directly may be built. 

This research has been undertaken in the belief that a few such machines at 
educational or research centers, available for general use, will be of help in ad- 
vancing progress in engineering and research. 


II. THEORY UPON WHICH MACHINE IS BASED. 


The theory upon which the machine is based may be 
explained by reference to the following set of simultaneous 
equations: 

AyiX1 + AyxX, + D, 
oiX; + Ay2X2 + De 


A single equation is reproduced mechanically as shown 
in Fig. 1. The coefficients a, and dy, and the constant term 
D, are set as distances on tipping plates, to the right or left 
of the plate pivot depending upon the algebraic sign of these 
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quantities. The equation is represented by a flexible stec! 
tape, fixed at points A and B, and with a fixing clamp at ( 

That portion of the tape above the tipping plates (shown 
dotted) has as its function the maintenance of tension in th 
system during motion, and need not be considered further in 
an examination of the principles upon which the machin 
functions. The top and bottom runners, riding on horizonta! 
rails as shown, ensure that the tapes leading away from th 
tipping plates will always be essentially vertical. 

» With the quantities a, a2 and D, set on their respectiv: 
plates, let the three plates be leveled, and the clamp at 
tightened so that no movement of the tape can occur at that 
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Elevation showing arrangement of plates and tapes for a two-equation machine. 


point. If an angular motion is now introduced at any one o! 
the three plates, there are, if only the action of the one tap: 
shown in Fig. 1 is considered, an infinite number of positions 
which the other plates may assume. For any given position 
of the plates, however, the following equation holds, assuming 
that the total length of the tape between points A and C 
remains unchanged: 


2a); sin a + 2a sin B + 2D; siny = 0. 


Dividing this equation by 2 sin y we obtain 
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which is equivalent to equation (1) if 


and son B = Xs. 
sin 7 

If now two tapes act simultaneously on these same three 
plates, and in the same manner as that just described, the 
distances d2:, dz and D, being set on plates I, 2 and 3, re- 
spectively, for the second tape, and if the same procedure is 
followed in first leveling all plates, and then introducing a 
certain angular movement at any one plate, the remaining 
two plates must undergo a definite corresponding rotation. 
The sine of the angles through which plates I and 2 have 
rotated give the values of x, and x, to a certain scale. The 
actual values of these unknowns are obtained by dividing 
their relative values by the sine of the angle through which 
plate 3, upon which the constant terms of the equations have 
been set, rotates. 


Ill, DESCRIPTION OF MACHINE AS BUILT. 


The machine as actually built consists of a heavy steel 
rectangular frame, within which rotate ten slotted steel plates 
(see Figs. 2, 3 and 4). Nine of the ten plates represent the 
nine unknowns for which the machine is built; on the tenth 
plate the constant terms of the equations are set. 

Each plate has ten longitudinal parallel slots. In nine of 
these slots ‘‘middle runners’’ may be moved in order that 
the coefficients to the unknowns and the constants of the 
equations may be set. The tenth slot is utilized by a sine 
reading mechanism from which the sine of the angle through 
which a plate rotates may be read directly. 

Nine tapes, each about sixty feet in length, represent the 
nine equations for which the machine is designed. The slots 
in which are placed the middle runners used for setting coeffi- 
cients and constants of a given equation, and the tape which 
represents that equation, all lie in a vertical plane. 

The middle runners may be unclamped, and moved freely 
to their approximate positions for the equations to be solved. 
Micrometer screws then enable one to make a setting to an 
accuracy of one two thousandth of an inch, which corresponds 
to four significant figures on the coefficient and constant scales. 
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Inasmuch as the machine reproduces the equations geo- 
metrically, careful design and construction were essential. 
The frame itself is rigid so that it will not substantially 
distort elastically when operated. In order to minimize tape 
strains, over one thousand ball bearing pulleys are used, 
reducing friction to a practical minimum. 


FiG. 3. 


View showing upper side of tipping plate. The middle runners used for setting coefficients or 
constants on this plate, and corresponding top and bottom runners riding on their rails, may be 
seen. 


IV. OPERATION OF MACHINE. 


While the best technique for the operation of the machine 
has not been definitely established; the following outline will 
permit an estimate of the labor involved. The middle clamps 
(at “‘C,”’ Fig. 1) are first loosened, which permits complete 
freedom of motion within the machine. The plates to be 
used are then approximately leveled, and all plates are 
clamped so that they cannot rotate. The coefficients and 
constants are systematically set on the proper middle runners 
and their settings checked. In the setting of these middle 
runners, most of the time required for solution is involved. 
The setting of a coefficient requires about the same time which 
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View showing under side of tipping plate. The under side of the middle runners for this plat 
the corresponding top and bottom runners riding on their rails, may be seen. 
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would be needed to turn off an angle on a transit. When 
these settings are complete, the middle clamps are tightened, 
only for the tapes in use, and the plates which are in use are 
unclamped. In this way it is possible to utilize only the 
portion of the machine required. Any of the plates involved 
in the solution of the given equations may now be rotated 
freely, but those plates which will undergo the largest rotations 
during solution will turn the most easily. Such a plate is 
found by trial, and used as the driving plate. This plate is 
rotated clockwise about 40 degrees, and brought to rest with 
an oscillating motion which tends to eliminate the detri- 
mental effect of friction in the machine. As the driving 
plate is rotated, the other participating plates also rotate. 
The sine mechanism is then read on each participating plate. 
Driving the machine from the same plate, the plates are then 
brought back through their horizontal position until approxi- 
mately the same motion has taken place in the opposite 
direction from that originally introduced, and again brought 
to rest with an oscillating motion. The sine mechanisms are 
again read. The value of any given unknown is then given 
by dividing the algebraic difference of the readings of the 
sine mechanism for the plate representing that unknown, by 
the algebraic difference of the readings from the sine mechan- 
ism for the plate upon which the constants have been set. 
Once the coefficients and constants have been set on the 
machine, the actual operation and interpretation of results 
require only a few minutes. 

The total time required to solve nine simultaneous equa- 
tions on the machine, to an accuracy of three significant 
figures, is estimated at from one to three hours, depending 
upon the equations themselves. This time will undoubtedly 
be reduced when more experience has been acquired in the 
technique of operation. 

The solution of similar equations employing a keyboard 
calculator might be expected to require in the neighborhood 
of eight hours. 


V. RESULTS OBTAINED FROM MACHINE. 


The accuracy obtained in a given solution will depend 
upon the equations involved. Certain sets of equations, 
VOL. 222, NO. 1332—50 
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bordering upon instability, will be difficult to solve, regardles: 
of the method used, while other sets will yield excellen: 
accuracy with little effort. The following two conclusions 
have however been reached: 

1. For the usual set of equations, the errors in the values 
of the unknowns as given by the machine will not exceed on 
per cent. of the largest unknown, as read directly from t! 
machine after one operation. In many cases, much bette: 
accuracy will result. 

2. By successive approximations, arbitrary accuracy 
be obtained. The machine is well suited to this procedur: 
If the results obtained from the first solution are substitut: 
in the original equations and the corresponding constants 
computed, they will in general differ by a small amount fron 
the actual constants of the equation. This difference is easil, 
obtained with a computing machine. If now the equations 
are solved again, using in place of the constant terms in th: 
original equations the differences in the constants thus 
obtained, the new solution yields the corrections to be applied 
to the unknowns as determined from the first solution. This 
procedure involves the re-setting of only the constant terms 
on the machine, hence progresses rapidly. it may be repeat: 
successively to give results to any degree of accuracy requir 

An important factor which greatly increases the scope o! 
the machine is the development of a method whereby mor: 
than nine equations can be solved by the machine. 
expansion is limited by the form of equations which can } 
thus solved, but it is nevertheless applicable to many in 
portant problems. The usual type of simultaneous equations 
encountered by the structural analyst in the investigation 0! 
stresses in an indeterminate structure furnishes an example « 
the type which can be solved in this manner by the machin: 
In the development of this use of the machine, eighteen 
simultaneous equations resulting from a slope deflection 
solution of a building frame acted upon by lateral loads wer 
solved with an accuracy of between four and five significant 
figures. It is estimated that under the proper conditions 
machine solution of this kind would take seven and one-ha!! 
hours. The time required for a corresponding solution by 


Dec., 1936.1 SOLUTION OF SIMULTANEOUS EQUATIONS. 723 


keyboard calculator is estimated at 32 hours. As the number 
of unknowns increases, the time saved by mechanical solution 
becomes increasingly important. 


VI. FUTURE INVESTIGATIONS. 


Our research on this type of mechanism is by no means 
complete. Minor changes in the present machine are con- 
templated. More exhaustive tests will undoubtedly show 
that the tapes now on the machine have neither the optimum 
flexibility nor initial tension. The technique of operation is 
as yet imperfect. There is every reason to believe that the 
accuracy as obtained from a single set of readings can be 
improved. 

The relative success of the present machine indicates that 
a machine capable of directly solving a larger number of 
equations is feasible. The development of an automatic 
means of setting coefficients and constants would add greatly 
to the practicability of a larger machine, leading to large 
savings in time of solution. 
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STEAM IN RELATION TO MARINE ENGINEERING.* 


BY 


REAR ADMIRAL HAROLD G. BOWEN, U. S. N., 


Chief, Bureau of Engineering, U. S. Navy. 


First, I wish to express my sincere appreciation of the 
honor accorded me in representing the Navy and the Marine 
Engineering Profession in general before this distinguished 
gathering tonight. On this 200th anniversary of the birth 
of James Watt, it is fitting for all who have profited by the 
product of his genius to express something of the deep respect 
and admiration we all feel for the work of that great pioneer 
of our Mechanical Age. His genius and initiative have con- 
tributed profoundly to the amazing developments of the past 
100 years, in both the mechanical and electrical fields, and 
have been a constant source of inspiration to others to follow 
along the path he defined. 

I believe that I may confidently state that in the marine 
field such developments have been completely revolutionary 
in character and have changed the whole trend of human 
endeavor. More emphatically, I may say that the history 
of civilization has been changed radically thereby. Whether 
for the better or for worse I cannot positively state. If 
greater comfort, higher living standards and a general speeding 
up of the tempo of life in general may be considered as a 
criterion of advancement then the change is for the better; 
but whether the entire sum of human happiness has been 
increased by these changes, I hope that I may be pardoned 
for expressing a reasonable doubt. 

In my own life I have witnessed the final passing of sail, 
today practically complete. The billowing canvas and the 
picturesque top hamper of the sailing vessel have given way 
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of radio antenne. The sooty path or the oil slick of th 
steamer has penetrated and made commonplace the mo: 
remote corners of the Seven Seas. Something of romanc: 
something of mystery, that fired the imagination of our rac 
has been lost. Something of a more practical nature h. 
been lost too. The propulsive equipment that once soar: 
above the useful space on decks and below has now descend: 
bodily into the hull structure itself and, by its presence ther 
together with the fuel required for its operation, competes 
seriously with the demands of the useful load. The tim 
passage from port to port is now a mere fraction of th 
required by sail and the leisurely ways of the past are almos 
forgotten. However, this has not been without compensatio. 
for there are many among us who find a fascination and 
interest in the operation of a smooth-running perfect) 
balanced machine with its appeal to the imagination beyond 
the power of any other inanimate object. 

The fact that the presence of modern propulsive machinery) 
and the fuel for its operation is a regrettable necessity in th: 
hulls of modern vessels, commercial or naval, has created 
really the profession of the marine engineer and has at th 
same time made that profession an unenviable one. Fo: 
the space occupied by that machinery and its weight, togethe: 
with that of the necessary fuel, constantly infringes upon th 
demands of the useful load whether it be for the cargo an 
passengers of the commercial vessel or for the armor and 
armament of the naval vessel. However, the trials an 
tribulations of the modern marine engineer cannot be laid 
at the door of James Watt for that shrewd individual was 
firmly opposed to two major developments in the latter cours 
of his life, namely, the application of the steam engine t 
transportation and the constant increase of steam pressure. 

I believe that the greatest single contribution to moder: 
marine engineering of this wonderful pioneer consisted in his 
first separating the condensing operation from the working 
cylinder. The invention of the jet and surface cooling 
principles of condensation and the wet air pump were also 
his. Among others, must be mentioned the piston ro 
stuffing box, the double acting cylinder, steam jacketing, th: 
steam admission valve with its cut-off, utilizing the expansiv: 
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power of steam, and the indicator. All such innovations are 
in use today—more than 100 years later, and have been the 
basis for the development of all reciprocating equipment 
including the internal combustion engine. In view of the 
bitter battle today between the steam engine and the internal 
combustion engine, the last point will not be conceded possibly 
by the internal combustion designers. 

The invention of the steam vessel itself has been claimed 
for one Spaniard, one Frenchman, one Englishman, two 
Scotchmen, and four Americans. Among these you can take 
your choice depending upon which nationality you favor. 
Furthermore, practically every industrial country has its own 
inventor of the screw propellor. Even the invention of the 
tubular boiler is claimed by no less than four. It does not 
appear profitable to enter into a discussion before this intel- 
ligent audience of the proper ownership of these honors. In 
this country, however, we find the beginning seems to have 
been made with John Fitch’s brass model fitted with wooden 
side paddle-wheels presented to the American Philosophical 
Society of Philadelphia in 1785. This model was followed 
three years later by his commercially successful stern paddle- 
wheel steamer. It seems appropriate, too, to mention at 
this point that a twin screw cross geared vessel with a water 
tube boiler was produced by Colonel John Stevens of Hoboken, 
a friend of Fitch’s, in 1804, and operated on the Hudson. It 
is claimed that 50 pounds pressure was used on this vessel. A 
later vessel of Stevens’ design, the ‘ Phoenix,’’ was driven by 
Fulton out of the Hudson River and down to Philadelphia 
and is claimed to be the first sea-going steam vessel. In 
1806 came the slower but much better known “ Clermont”’ of 
Fulton. Fitch’s machinery and that of Stevens was of 
American manufacture, but, we must admit, the machinery 
of Fulton was of Boulton and Watt’s best design, with Watt’s 
‘““wagon type”’ boiler, made of copper and carrying 5 pounds 
pressure. 

From these crude beginnings, the development was 
comparatively slow, gaged by more recent progress, and the 
designs for many years featured mainly Watt’s vertical beam 
engine and Fitch’s paddle-wheels with steam generated in 
horizontal large flue boilers. Boilers gradually became 
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cylindrical as pressure reached 30 pounds and in 1850 on 
marine boiler is listed at 80 pounds and one at 90 pounds 
About 1851 Erasmus Smith designed, and Mott and Ayres « 
New York built a horizontal return tube cylindrical marin 
boiler with the so-called ‘‘wet-uptake’’—the first know: 
example of the familiar “Scotch” type of boiler. Randolp! 
and Elder of England followed in 1862 with the first doubl: 
ended ‘‘Scotch”’ boiler. 

As previously stated, the credit for the first water tul 
boiler appears to belong to Colonel John Stevens of Hoboke: 
Stephen Wilcox placed the first Babcock and Wilcox wat 
tube boiler on the yacht “ Reverie”’ in 1889. William Hoxi 
improved this design with one installed on the U.S:S. “ Alert 
in 1895. And one must not forget the installation by Admir: 
Melville of Charles Ward’s water tube coil boiler on the U.S.S 
‘““Monterey”’ in 1893. 


It is believed that Randolph and Elder of England should 
also be credited with the first successful compound recipro 
cating marine engine which was designed and built in 1854 
This design utilized double the previous steam pressures 


which had remained at from 15 to 20 pounds. Superheatins 
came in about 1870 with 60 pounds steam pressure, but w 
ultimately abandoned to be developed years later by thi 
Babcock and Wilcox Company. In 1875 came the firs 
triple expansion reciprocating marine engine with demands 
for higher pressure steam until 180 pounds was reached. 
Development in the marine propulsion field was very rapi: 
from that time on, following improvements in reciprocatins 
engine and boiler designs until 1897 when Sir Charles Parsons 
‘stole the show”’ with his yacht ‘‘ Turbinia”’ presented at th 
Naval Review in 1897, celebrating Queen Victoria’s Diamon« 
Jubilee. The death knell of the marine reciprocating stean 
engine for use in high speed, high-powered modern vesse!s 
was sounded then and there. The marine reciprocating 
engine based on Watt’s fundamental designs probably reached 
its peak in the design of the German “Kaiser Wilhelm 
Second” in 1903, with twin quadruple expansion, steeple 
cylinder engines developing 38,000 indicated horsepowe1 
Many will remember this latter vessel and its sister ship, th 
“Kronprinzessin Cecilie,’ when they were engaged in trans 
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porting our troops to France during the World War, but re- 
named by us the ‘‘ Agamemnon” and the “ Mt. Vernon.” In 
our own Navy the reciprocating engine reached its peak in 
our battleship design with 28,400 indicated horsepower. 
These engines on the battleships ‘‘ New York,” “‘Oklahoma,”’ 
and “Texas,” are still in service. 

The pioneer commercial turbine-driven vessel of the 
merchant marine was the “ Victorian”’ of the Allan Line, using 
a direct turbine drive and put in operation in 1904. This was 
followed by the “ Virginian’’ in 1905 by the same Line and 
later by the Cunard Liner ‘‘Carmania’”’ in 1906. At the time 
of the construction of the ‘Victorian’? 400 tons was the 
estimate for the saving in weight of the machinery installation 
over that of an equivalent reciprocating engine equipment— 
this with a fuel consumption equal to the best the reciprocating 
engine had ever produced. 

Following experimentation with the yacht ‘‘Charmian,”’ 
the British Admiralty contracted with the Parsons Marine 
Steam Turbine Company in 1898 to provide turbine ma- 
chinery for the destroyers ‘Viper’? and ‘‘Cobra,’’ both of 
which were outstandingly successful on trials. These vessels 
were, unfortunately, lost at seain 1901. The “ Velox,” having 
four screws with cruising reciprocating engines, followed and 
became the first example of a marine reciprocating steam 
engine exhausting into a turbine. Under the British Ad- 
miralty the ‘‘Amethyst’’ in 1904 was the first turbine cruiser 
and the ‘‘ Dreadnaught”’ in 1906 was the first turbine battle- 
ship. 

In the meantime, Mr. Charles G. Curtis, under patents 
granted in 1896, was perfecting in the United States his 
pressure staged and velocity compounded impulse turbine 
design. The first vessel built having this type of turbine is 
believed to have been the yacht ‘‘ Revolution,”’ completed in 
1902, but which was not very successful, primarily due to 
poor model design. 

In our Navy the steam reciprocating engine long remained 
as the most reliable propelling equipment. The battleship 
‘North Dakota” of 1908 was the first capital ship to have 
direct drive Curtis turbines, but lack of reliability and small 
cruising radius resulted in the construction of the battleships 
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‘“‘New York” and “Texas” in 1912, and the ‘‘Oklahoma”’ i: 
1914, with reciprocating engines. However, a sister ship o! 
the ‘““Oklahoma,’”’ namely the ‘‘ Nevada” was fitted with 
Curtis turbines and geared cruising units. These two latte: 
vessels also marked the definite shift from coal to oil fuel i: 
our Navy. 

It may be of interest at this time to recall two majo. 
engineering experiments conducted at about this time by ou: 
Navy. The first was with the cruisers ‘ Birmingham’ 
“‘Chester,”” and “Salem.” The “Birmingham” had _ twii 
screws fitted with triple expansion reciprocating engines 
The ‘Chester’? had Parsons direct drive turbines on fou: 
shafts and the “‘Salem”’ had Curtis turbines on two shafts wit! 
single reduction gears. This first experiment was not 
especially successful in demonstrating the superiority of th: 
turbine, as the reciprocating engine vessel had a more eco- 
nomical performance at full power. Later, three fuel carrying 
vessels of the I9I1I program were separately engined as 
follows: the ‘‘Cyclops,”’ a twin screw vessel, with reciprocating 
engines; the “‘ Neptune,’ two shafts with Parsons turbines 
and Westinghouse reduction gears; and the “Jupiter,’’ two 
shafts with a Curtis turbine generator driving two electri 
propulsion motors all of General Electric design. The “ Jupi 
ter’’ thus became the first electric drive vessel and is still in 
service today, though renamed the “‘ Langley.” 

It seems appropriate at this point to pay tribute to th: 
outstanding contributions made to the development of th: 
turbine electric marine propulsion equipment by Mr. W. L. R 
Emmett of the General Electric Company; also Rear Admiral 
Hutch I. Cone, Chief of the Bureau of Engineering from 1909 
1913; the late Rear Admiral Robert S. Griffin, Chief of th 
Bureau of Engineering from 1913 to 1921; Admiral S. S 
Robison, Commanding Officer of the “Jupiter” in 1914, and 
Rear Admiral S. M. Robinson, first Engineer Officer of the 
‘Jupiter,’ all of the U. S. Navy. 

The experimental installation on the “Jupiter’’ was s 
generally successful that turbine electric propulsion was 
adopted for capital ship construction in the U. S. Navy, 
beginning with the battleship ‘‘ New Mexico,” in 1917, and a! 
later battleships have followed the same design. The highest 
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powered vessels in the U. S. Navy today have electric pro- 
pulsion, namely, the aircraft carriers, ‘‘Lexington”’ and 
“Saratoga,” with 180,000 shaft horsepower each. In the 
merchant marine, turbine electric drive has not been widely 
used aithough recently we have all noted the performance of 
the “‘Normandie”’ of the French Line, the highest powered 
merchant vessel now in operation, which is equipped with 
turbine electric propulsion of 160,000 shaft horsepower at 
full power. The British merchant marine has used the turbo 
electric drive design on several important vessels such as the 
P. and O. liners of the Strathnaver type using 28,000 shaft 
horsepower, though the latest design on this service, as shown 
by the “‘Strathmore”’ of 1935, is a geared turbine arrangement. 
Our own merchant marine has employed electric drive up to 
26,500 shaft horsepower for the “‘ President Hoover’’ and 
“President Coolidge.’ But later designs now contemplated 
employ geared turbine drive. 

Nothing in the history of marine engineering can equal the 
rapid changes in marine propulsion which have followed the 
coupling of the turbine to reduction gearing, both single and 
double, and the development of turbo-generators with main 
shaft driving motors. Both these methods utilize to the ut- 
most the inherent advantages of high speed turbines while 
still retaining the more efficient propeller speeds. Steam 
pressures and temperatures have increased rapidly, far be- 
yond anything that could have been used to advantage with 
reciprocating engines; at the same time that the horsepower 
of vessels has been enormously increased, fuel consumption 
per horsepower has been decreased thus making it possible 
to greatly increase the speed of sea-going vessels without in- 
fringing on the space and weight required for the useful load. 
And with all this has come a flexibility of control and a reli- 
ability of operation closely paralleling that of the reciprocating 
steam engine itself which over the years set a standard of 
reliability that may never be approximated again. 

Above all other characteristics of marine machinery, the 
marine engineer must of necessity put reliability first. Failure 
of power ashore may occasionally be a serious matter, but it is 
more likely to be merely a troublesome inconvenience, or at the 
worst, result in a slight economical loss. Repair facilities are 
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immediately at hand and the entire industrial equipment o| 
the country is readily available at a price. Not so if powe: 
failure occurs at sea where great loss of property and eve: 
serious loss of life is frequently a consequence. Consider to 
the case of the naval vessel, built for one purpose and one only 
to defend the Nation against aggression. If such a vess 
fails in a crucial moment of a Naval engagement, probably 
matter of a few moments or hours at the most, it is worse thai 
a failure—its very construction at all was a menace to th 
national welfare. Hence, the Naval engineer must always 
visualize the possible Naval battle for which a Naval vess: 
is designed and give reliability precedence over all othe: 
considerations, even at the expense of economical operation 
space and weight. Building fighting vessels within tonnag 
limits set by International agreement, with each Natio: 
striving to include the maximum offensive and defensiv 
capabilities within such tonnage limitations, taxes the marin: 
engineering talent of every modern Naval power to the utmost 
degree. Economy of operation and space and weight requir 
ments have been, during the recent past, just as important 
in the design of the military ship as in the case of the com 
mercial vessel, but with the added reliability factor demandin; 
infinitely greater consideration. Someone can always |» 
found to underwrite commercial ships and cargoes against loss 
at sea, but only a Divine power can underwrite the Nay 
vessel or the Nation which it defends. 

It may be well at this point to glance briefly at some desig! 
results which indicate progress in Naval engineering in recent 
years. Considering battleships first, it should be pointed out 
that none have been built since the Washington Treaty. Th: 
design of battleships now in service placed reliability befor 
all other considerations, and this is reflected in the weight 0! 
the machinery per horsepower. The average weight pe! 
horsepower of battleship propulsion machinery, including al! 
auxiliaries, piping, wiring and electrical equipment complet: 
before the advent of turbines was about 230 pounds per hors 
power. The use of geared turbines reduced this to about 
180 pounds per horsepower. The use of the turbo-electri: 
propulsion equipment, however, raised this figure again ' 
about 200 pounds per horsepower, but in the case of hig! 
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powered turbo electric drive vessels, such as the ‘‘Saratoga”’ 
and ‘‘Lexington,”’ this figure was reduced to less than 100 
pounds per S.H.P. Until we reach the re-engined battleships 
the fuel consumption of this class of machinery has not been 
materially better than about 1.2 pounds per S.H.P. hour for 
all purposes, except in the case of the turbo-electric propulsion 
equipments which closely approximated 1 pound per S.H.P. 
hour. Recent improvements in the re-engined battleships, 
however, have reduced this consumption with geared turbine 
designs down to approximately .g pound per horsepower hour. 

In the cruiser class of vessels, the difference is much more 
marked. The ‘“ Birmingham,” for example, with reciprocat- 
ing engines required 123 pounds per S.H.P. whereas our 
modern cruisers with turbines and reduction gearing approxi- 
mate 40 pounds per S.H.P. Fuel consumption for this class 
of vessels has also improved down to approximately .7 pound 
per S.H.P. hour. For the destroyer class improvements have 
been still more marked until today we are building destroyers 
with propulsion machinery approximately 30 pounds per 
S.H.P. and with fuel consumptions equal to or better than that 
of the cruisers. 

Today we are using steam pressures up to 600 pounds and 
temperatures up to 700° F. in the Navy and higher tempera- 
tures are in use in the commercial marine field. This, it is 
realized, is very conservative as compared to practice ashore, 
but this is due to the natural conservativeness of marine 
design. Still higher pressures and temperatures afloat will 
arrive, however, in the course of time. 

It would not have been possible to have so greatly in- 
creased the power of vessels were it not for the substitution of 
fuel oil for coal. In this country the maximum reached has 
been in the ‘‘Saratoga’’ and ‘“‘Lexington,’’ mentioned pre- 
viously, with 180,000 S.H.P. each. Try to imagine what it 
means to concentrate such a tremendous amount of flexible 
power in the space available in the hull of a fighting vessel 
where every pound and every cubic foot of propulsive ma- 
chinery competes directly with every pound and every cubic 
foot of armor, armament, ammunition, airplanes, bombs, 
gasoline, and living quarters. The genius of James Watt 
would find a generous field for endeavor if its like were avail- 
able in the world today. 
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The traditions and many of the mechanical principles o! 
the reciprocating steam engine are still carried on today i: 
thousands of applications afloat in the less important and loy 
powered designs and, combined with the low pressure turbin: 
may even compete in important future commercial installa 
tions. But the internal combustion engine utilizing many o! 
the conventional design features originated by Watt is nov 
just coming into its own and is competing seriously for su 
premacy in the field which the advent of the turbine pr: 
empted from the reciprocating steam engine. 

Our design horizon is now primarily limited by the fund: 
mental limitations of the metals with which we work. Th: 
genius of our research workers is constantly widening this 
horizon by the elimination of many of our uncertainties. Th: 
boiler, the turbine and the internal combustion engine ar 
making demands upon metallurgists for better and bette: 
materials in order to achieve heights of power and depend 
ability beyond anything conceived today. 

The internal combustion engine challenges seriously th 
best that boilers and turbines can offer in the marine pro 
pulsion field, at least up to about 15,000 S.H.P. This chal 
lenge is primarily expressed as an advantage in economy o! 
fuel. But the forced circulation boilers with extremely hig! 
pressures and temperatures of steam combined with turbines 
which can utilize steam with such characteristics are rapidly 
paralleling the performance of internal combustion engines 
and may always be expected to compete. In some fields th 
internal combustion engine is supreme today, primarily pe: 
haps for the submarine type of vessel, for which no other typ: 
of drive can seriously be considered. The light, high speed 
Diesel engine with suitable arrangements for eliminating 
dangerous criticals is now dominating certain low powe 
fields. New designs in steam equipment, however, are onl) 
short way behind. The future—what can I say of the futur: 
What can anyone predict as to future developments in thi: 
mechanical age of ours as one contemplates the tremendous 
changes that have taken place since the day of Watt, an 
particularly during the past 20 years. 

I believe that the immediate future will be dominated b 
steam for marine installations of 10,000 to 15,000 horsepowe! 
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and higher, including all express liners and combatant vessels 
of war. Great potentialities exist in the extra high pressure 
boiler designs such as the Velox, the Loffler, Benson, and 
Wagner types of forced circulation boilers now being installed 
more or less experimentally abroad. This country too is 
rapidly developing designs of similar characteristics. Prob- 
ably steam pressures will not exceed 700 to 850 lIbs., but 
temperatures will only be limited by the limitations of metal. 
Much further experimentation is necessary before the full 
capabilities of extra high pressure steam can be realized in 
installations afloat. But, in any case, the signs all point to 
the fact that steam propulsion is just now entering a com- 
pletely new development stage which may lead us as far from 
our present day designs as we have already advanced from the 
time of James Watt. I thank you. 
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Air Conditioning for Infants and Others.—(Gas Age Record an 
Natural Gas, Vol. 78, No. 12.) A 26 per cent. saving in the liv: 
of premature babies by air conditioning was reported to the Harva: 
Tercentenary by C. P. YaGLou of the Harvard School of Pub! 
Health. Artificial weather equipment is supplanting incubato: 
and supplements all other treatments because it guarantees prop: 
humidity and circulation as well as uniform temperature. |: 
Yaglou stressed the importance of proper humidity, saying that th: 
greatest life saving appeared with relative humidities of 50 to 7 
per cent. Humidities of 25 to 39 per cent. saved the lives of 9 
per cent. more babies, while 50 to 75 per cent. humidities raised t! 
saving to 26.5 per cent. Why humidity is so important could on 
be inferred and one inference is that premature babies are not read 
for normal dry atmosphere. He also recommended higher humid 
ties in operating rooms to preclude any possibility of a spark ignitin; 
anesthetics. Another hospital need is air conditioning for patients 
immediately after operations during heat waves. Heat sometimes 
causes serious post-operative shock. 


R. H. O. 


TUBULAR CANTILEVERS. 
BY 


LIEUT.-COMMANDER W. P. ROOP, C.C., U.S.N. 


Data contained in recent papers by Lundquist, are here- 
with summarized in the form of a diagram. The very 
comprehensive collection by Heck and Ebner of formule and 
references for use in design of thin metal structures happens 
not to include the case here considered, which is that of a 
cylindrical tube of unstiffened metal of uniform thickness. 
The ends are fully constrained to retain their circular form. 
The load is transverse, and the reactions are those of a 
simple cantilever. 

Symbols are as follows: 


t = wall thickness. 

L = length of tube. 

r = radius of tube. 

h = length of cantilever = M/V. 

These 4 lengths are expressed in the same units. 
V = transverse load in pounds, equal to total shear on 
transverse section; specifically, the value at failure. 
moment-load in inch-pounds; specifically, the value at 
the base of the cantilever at failure. 

bending stress in pounds per square inch due to M at 
failure in the cantilever. 

Young’s Modulus. 


Two parameters are utilized; these are 
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DIRECTIONS FOR USE OF THE CHART. 


(A) To determine transverse load at failure when 7, ¢, h, 
and L are given. 

(a) Enter the left part of the chart with L/r and r/t and 
take out p. 


‘ is e 
(b) Align p with ;, on the extreme right and take out wu. 
1 


(c) Enter the right part of the chart with uw and r/t and 
take out S/E. If S exceeds yield point, use that. 

(d) Multiply S/E by the value of E and by the section 
modulus of the cylinder, zr*t, to obtain moment-load at 
failure and divide this by / for the transverse load at failure. 


(B) Given r, h, L and S, to find thickness required. 

(a) On the given value of r/h work a straight edge by 
trial until the value of r/t is the same in the two sets of con- 
tours, one on ~ and L/r and the other on uw and S/E. 

(b) Divide r by r/t to obtain ¢. 


(C) Given r, h, and L, to determine thickness required to 
withstand a given load M. 

(a) Assume a value of thickness, 4;, and proceed as in (A), 
(a) to (c), to find nominal stress at failure, S. Use yield 
point if exceeded by this nominal value. 

(b) Divide load (moment) by zr’S to obtain fs. 

(c) Average ¢, and ¢# to obtain a new value #3, and proceed 
as in (a) to obtain successive approximations. 


(D) To find most effective radius, when L, h, and load 
are given. 

(a) Assume a series of values of r suited to the require- 
ments. For each find S and ¢ as in (C). 

(6) Tabulate values of rt, to which weight of cylinder is 
proportional, and seek the minimum value. 

(c) In case S falls below the yield point, consideration 
may be given to use of stiffeners on the plating. 


In preparation of this chart, the curves given by Lundquist 
have been the principal resource. These are based largely 
on Lundquist’s own tests, although data from other sources 
are also included, as indicated by Lundquist’s references. 
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In addition the chart has been checked against unpublished 
data and found to furnish a useful basis for design. 

The data on which the chart is based are experimental 
and subject to a certain amount of variation or tolerance 
Strength as predicted by the chart was often exceeded; in 
few cases of obviously poor fitting, the actual strength fe! 
below the chart value. Data taken from the chart are thus 
conservative, but provide no margin for poor workmanshi| 
Examination of the references will show that data obtaine 
under different types of loading are rather widely scattered 

Allowance for the effects of shear, for the instability | 
the cylindrical plating, for the difference in action of th 
plating in bending compression as compared with direct 
compression, need not be made as these effects were 
present in the tests. But allowance for the effect of loads 
other than that assumed, for example for torsional or direct 
compressive loads, must be made separately. 

The values of bending stress herein considered are th 
nominal values at failure, obtained by direct application of 
the simple bending formula. To avoid confusion, it is 
preferable to put safety factors in terms of load rather tha: 
stress. The loads V and M should thus be taken as working 
values times safety factors. 

Comparison of calculated stress value with stress limits 
of the material need thus be made only if the nominal stress 
at failure, as indicated by the chart, exceeds the yield point 
of the material, in which case the yield point should b 
substituted for the nominal stress at failure. On this basis 
the safety factor indicated for use will be that common! 
obtained by dividing the calculated working stress into th 
yield point. For more precision use may be made of thx 
modulus of rupture as found by bending test on the give: 
material in moderate thickness, instead of yield point. 


REFERENCES. 
Publications of the National Advisory Committee for Aeronautics. 
By EuGeNe E. Lunpgultst: 


Technical Note No. 427—Torsion. 
Technical Note No. 479—Pure Bending. 
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Technical Note No. 523—Combined Transverse Shear and Bending. 
Technical Report No. 473—Compression. 


By O. S. Heck AND H. EBNER: 


Technical Memorandum No. 785.—Methods and Formulas for Calculating the 
Strength of Plate and Shell Constructions. Translated from Luftfahrt 
forschung, Vol. XI, 1935. 


By L. H. DONNELL: 


Technical Report No. 479—Compression. 


By W. P. Roop: 


Transactions of the American Society of Mechanical Engineers Applied Me- 
chanics. Short Flanged-Tube Cantilevers under concentrated radial load, 
vol. 51 (1), 1929. 
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The Nemours Carillion Tower.—(Heating, Piping and Air Co) 
ditioning, Vol. 8, No. 10.) The late Alfred I. DuPont in seeking 
suitable memorial to his mother and father, determined upon t! 
campanile, or bell tower, as an ideal type of structure. Containi: 
crypts for family burial, it would also give pleasure to the public | 
its architectural beauty and the musical excellence of its bell chim: 
An original design was created in harmony with surrounding 
The tower is approx. 210 ft. high and is located on the DuPo: 
estate, Nemours, overlooking Wilmington Del. The foundations ¢ 
down to solid bed rock. From the center of a spacious terrace t! 
shaft of the tower rises majestically. Although square in form, 
corners are chamfered with a slight taper upward. Below t! 
cornice at the first floor level the walls are finished in gray Vermont 
marble. Above that is cast stone, the corners being gray and t! 
panels a delicate pink. A belfry surmounts the main shaft and 
crowned by a delicate, tapering wire tipped by a bronze cros 
Because of the character of the tower structure and in keeping wit 
the desire to have every detail of the type most suited to the servic: 
electricity was selected for all heating, lighting and power purposes 
Unique heating problems were presented. Heaters were recessed i! 
the walls and a special design was worked out with a motor drive! 
blower operating at low speed to insure extreme quiet. The tem 
perature of each room is controlled independently by a thermostat 
Special treatment was required for certain rooms (such as the mus 
room) where it.is necessary quickly to bring the temperature up | 
70 deg. for the comfort of visitors and the musician playing on th 
keyboard of the carillon. There are many other interesting featur: 
such as floodlighting, lightning protection and airplane beacon light 

R. H. O 


NOTES FROM THE NATIONAL BUREAU OF STANDARDS.* 


PLASTICS IN BUILDING CONSTRUCTION. 


The following is the abstract of an address by G. M. 
Kline, chief of the Bureau’s section on organic plastics, at a 
meeting of the Federation of Architects, Engineers, Chemists 
and Technicians, on October 5 in Washington. Organic 
plastics have become familiar to everyone because of the 
many useful objects fabricated from them which are found 
in every modern home. Radio housings, French phones, and 
electrical devices molded of phenol-formaldehyde resin; bright 
colored clock cases, table accessories and bathroom fixtures of 
urea-formaldehyde resin; vanity sets and powder containers 
of cellulose nitrate; lamp shades and pen and pencil sets of 
cellulose acetate; buttons and buckles of casein—these are 
but a few of the plastic products which we make use of from 
day to day. Plastics now seem destined to find still wider 
use in the home and in the building industry in general. In 
laminated form these materials are finding important applica- 
tions, for interior and exterior trim and several new manu- 
facturing units have been organized recently to meet the 
growing demand. Installations have been made in theaters, 
hotel lounges and bars, banks, and aboard the Queen Mary, 
and the material is to be utilized on a large scale in the Library 
of Congress annex at present under construction. 

It is of interest, therefore, to consider the method of 
manufacturing laminated plastics, the advantages which they 
offer as a building material, and the various purposes for 
which they have been used. 

A laminated plastic is made up of a fibrous filler in sheet 
form, such as paper, linen and canvas, and a resin binder, 
usually of the phenol-formaldehyde type. The individual 
sheets of filler are impregnated with a solution of the resin, 
dried, and a sufficient number pressed between steam heated 
platens in a hydraulic press to give a hard, dense product of 


* Communicated by the Director. 
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the required thickness. Usually a relatively thin sheet of 
the laminated plastic is applied as a veneer over a less ex 
pensive base of pressed board or plywood. 

The outstanding advantages which the laminated plastics 
offer as building materials are superior properties, attractiv: 
decorative possibilities, ease of prefabrication, and simplicity 
of application. The properties which have been of prim: 
importance in the selection of these plastics by architects 
and builders are their unusual resistance to wear and to 
corrosion by moisture, acids, alcohols, alkalies and othe: 
deteriorating agents; their excellent mechanical strength; and 
their dimensional stability. They are available in a practi 
cally unlimited range of colors, which go through to th 
subsurface layers, and the permissible choice of transparent 
translucent, mottled, or opaque finishes makes possible 
variety of decorative effects. Prefabrication at the factory 
with no period of seasoning nor additional treatment to resist 
corrosion are noteworthy features of the material. Th: 
simplicity of installation, which requires only one craftsman, 
a carpenter, and the complete absence of obnoxious odors or 
of the possibility of chance spotting or staining enables 
modernization of existing structures to be accomplished 
during those hours of the day in which the establishment is 
normally closed. 

Many of the applications of laminated plastics can bh: 
traced to the smart atmosphere which they create. The) 
have been installed in restaurants, bars, cocktail lounges 
department stores, hospitals, and hotels as table and counte: 
tops, for which their warmth, resistance to staining, cigarett: 
proofness and noise-deadening characteristics are decidedl) 
advantageous. Many theaters, hotels, and banks have used 
laminated plastics for wall and ceiling panelling because o! 
their attractive appearance, durable finish, and ease 0! 
cleaning. The use of laminated plastics for doors achieves 
both beauty and permanence. Where regulations requir 
fireproof construction, this can be attained without limiting 
the architect in choice of color or design on the face of th: 
door. Exterior applications have not been as extensive as 
those for interior decoration. However, store front bulk 
heads and display signs have been constructed of this materia 
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by progressive manufacturers who wished to reach a potential 
market in which style and smartness would be assets. The 
resistance to moisture, lack of any tendency to crack because 
of sudden changes in temperature, and the retention of the 
original finish indefinitely have been cited as major advantages 
of the laminated product for such purposes. The archi- 
tectural uses of laminated plastics in the home and club, 
office and public building may be expected to increase rapidly 
in line with the tendency to modernize surroundings to obtain 
beauty, simplicity, and utility. 


CARE OF FILMSLIDES AND MOTION PICTURE FILMS IN LIBRARIES. 


Reference libraries of the future may contain files of 
photographic films in addition to shelves of the conventional 
books, if the present tendency to employ this modern method 
for recording and copying the printed word continues. 
Hence, it appears that librarians, long the custodians of 
valuable books and papers, are to be confronted with the 
problems involved in the care of records on photographic 
films. Some of these problems have been studied at the 
Bureau, and a report by C. G. Weber and John R. Hill will 
be published in the November number of the Journal of 
Research (RP942). 

The film used for records is of the safety type, and is no 
more flammable than books; hence it offers no new problems 
in fire protection. It is very stable chemically and should be 
lasting if properly made and stored. Safety film, however, 
is quite sensitive to moisture changes and is brittle when dry, 
satisfactory service requiring that the moisture content be 
controlled by air conditioning in the storage rooms or vaults. 

The ordinary type of motion picture films have a base of 
cellulose nitrate which is highly combustible. The storage 
of this type of film presents difficult problems of fire pro- 
tection, and should be undertaken only by persons entirely 
familiar with the necessary precautions. 


INKS FOR RECORDING INSTRUMENTS. 


Instruments for making continuous records of tempera- 
tures, steam or barometric pressures, electric voltage, etc., 
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must sometimes go for a long time without attention. Th 
record is made on a circular chart, or on a long roll of paper 
and there must be an ample supply of ink of a kind that wil! 
not dry and clog the pen. Glycerol (glycerin) is practically, 
nonvolatile at ordinary temperatures, and it tends to absor! 
moisture from the air, so it is used for making inks for r 

cording instruments, as well as for rubber stamps. Fo: 
years, the United States Weather Bureau has used recording 
inks made by dissolving dyes in a mixture of equal volumes 
of water and glycerol. Although this mixture is a good 
“‘anti-freeze,’’ yet there are parts of this country in which it 
would be frozen solid outdoors during the winter. This is 
prevented by adding enough alcohol to still further lower th 
freezing point of the ink. For recording instruments indoors 
it is better to make the ink with a mixture of one volume o! 
glycerol and three volumes of water. 

Because the glycerol does not evaporate, the ink must dry 
on paper by being absorbed. The ink not only sinks into 
the paper, but it also spreads sidewise from the marks mac 
by the pen. If there is too much spreading, the edges of th 
lines will be uneven or ‘‘feathered.”” Dr. C. E. Waters ot! 
the Bureau has recently made tests of a number of recording 
inks, prepared by dissolving dyes of different types—acid, basi: 
and direct—in the two mixtures of glycerol and water. Th: 
inks were tested by drawing lines with them on five kinds o! 
paper, including the charts regularly supplied with thre 
kinds of recording instruments. After the lines dried, the) 
were rated according to their appearance as nonfeathering 
slightly feathering, and decidedly feathering. 

In all, 190 lines were drawn with 38 inks, made from 19 
acid and basic dyes, on five kinds of paper. Of these, 72 
were rated as decidedly feathering, 108 as slightly feathering 
and only 10 as nonfeathering. The proportions of glycero! 
and water, whether I : I or I : 3, made little difference in th: 
results. Sixteen ‘‘direct’’ dyes, which are taken up directly 
by vegetable fibers, without the aid of mordants to produc: 
insoluble compounds with the dyes, made a far better showing 
as recording inks. The 32 inks made with these dyes wer 
used for drawing 160 lines on the five papers. Of these, 13! 


were rated as nonfeathering, 22 as slightly, and only 7 
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decidedly feathering. Evidently the dyes were taken up by 
the fibers of the paper before they could get more than a 
minute distance from the lines as they were drawn. 

Ethylene glycol is similar to glycerol in many of its 
properties, but is somewhat more fluid. Inks were made by 
dissolving the 16 direct dyes in mixtures of glycol with 1 and 
3 volumes of water. They showed more feathering than the 
inks made with correspondingly diluted glycerol. With both 
sets of solvents, the inks containing 3 volumes of water showed 
the least feathering. 

The complete report of these experiments will be found in 
the November number of the Journal of Research (RP935). 


CHANGE OF VOLUME OF RUBBER ON STRETCHING. 


When rubber is stretched to a relatively high elongation 
it undergoes fibering and many of its properties change from 
those of an amorphous to those of a crystalline material. 
Previous investigators discovered a time lag in the fibering 
as indicated by a lag in the development of the X-ray diffrac- 
tion pattern and the double refraction of stretched rubber. 
In an investigation by W. L. Holt and A. T. McPherson, the 
same time lag was found by precise measurements of the 
change of volume on stretching. These results are set forth 
in RP936 in the November number of the Journal of Research. 

When rubber containing no coarse fillers was stretched 
under ordinary circumstances the volume remained constant 
up to an elongation of 200 or 300 per cent., above which it 
decreased by an amount which became greater the higher the 
elongation, the lower the temperature, or the longer the time 
the rubber was held in the stretched condition. One com- 
pound, at an elongation of 600 per cent., showed a decrease 
in volume of 1.2 per cent. at the end of one minute, while 
after 3 weeks the decrease in volume was 1.8 per cent. But 
even at the end of the 3 weeks the volume was decreasing as 
a linear function of the logarithm of the time, and gave no 
indication of approaching a limit. 

These observations indicate that Poisson’s ratio for rubber, 
in the absence of coarse fillers, is 0.5 or slightly greater, and 
depends for its precise numerica! value upon the elongation, 
the temperature, and the time after stretching. 
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METHANOL AS AN ANTI-FREEZE. 


The National Bureau of Standards does not recommend 
any particular material for winter use in automobile radiators 
but gives in its Letter Circular LC28 information regarding 
the advantages and disadvantages of various solutions which 
have been used for this purpose. Since methanol has come 
into much wider use as an anti-freeze during the past few 
years, the following information may be of interest. 

Methanol can be obtained from the destructive distillation 
of wood, or made synthetically. Methanol from wood distil 
lation (formerly called wood alcohol) when refined to meet 
the specification of the Wood Chemical Institute is satis 
factory for radiator use, but the crude product may contain 
free acids as well as ingredients which attack rubber hos: 
Synthetic methanol is neutral, non-corrosive, and does not 
attack rubber. 

Wood-distillation methanol containing 23 to 24 per cent 
of water is commonly marketed as ‘‘anti-freeze methanol,’ 
and this material gives about the same protection against 
freezing as denatured alcohol 188° proof. Undiluted syn 
thetic methanol is readily available under several trade names 
and three quarts of this product are approximately equivalent 
to four quarts of denatured alcohol. 

Although pure methanol boils at a temperature about 
25 degrees Fahrenheit below the boiling point of denatured 
alcohol, the Bureau has found (Jnd. Eng. Chem., 23, 708: 
June, 1931) that solutions of the two alcohols which giv 
equal freezing-point protection differ only slightly as to 
boiling point. There is no evidence that loss of protection du: 
to vaporization is more serious in the case of methanol than 
in the case of denatured alcohol. 

All methanol is poisonous when taken internally, and 
methanol for anti-freeze use is colored with methyl violet fo: 
identification purposes. After investigating possible health 
hazards in connection with this use of methanol, the U. 5 
Bureau of Mines concluded (Information Circular IC-6415 
that “‘there is no danger of poisoning from the reasonable us: 
of methanol as an anti-freeze for automobile radiators. 
Anti-freeze preparations containing methanol bear labe! 
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indicating the approximate percentage in accordance with 
recommendations of the U. S. Public Health Service. 

Most modern anti-freeze preparations contain special 
corrosion inhibitors. These are of two general types: soluble 
oils, and inorganic inhibitors such as sodium nitrite or borax. 
The Bureau has not investigated the proportions in which 
these rust inhibitors are used, or their relative effectiveness. 


SOLUBILITY OF MERCUROUS SULPHATE IN SULPHURIC ACID 
SOLUTIONS. 

As part of a program of research on standard cells, which 
serve as the primary standard of electromotive force, measure- 
ments have been completed recently by D. N. Craig, G. W. 
Vinal, and F. E. Vinal on the solubility of mercurous sulphate 
in sulphuric acid solutions. The results, which will be found 
in the Journal of Research for November (RP939), help to 
interpret some of the conflicting data in the technical litera- 
ture. They supply for the first time a systematic determina- 
tion of the effect of temperature on the solubility of this salt. 

The determinations were made by an electrolytic method. 
Each solution was tested after electrolysis for residual mer- 
cury. Errors which might arise from the presence of mercuric 
mercury were shown to be within the limit of experimental 
error of these determinations. All the solutions were stirred 
mechanically at fixed temperatures over periods of several 
days. The concentration of the acid solutions was varied 
from .oo1 to4 molar. The paper gives tables for the solubility 
of the salt in these solutions, the trend of the curves is dis- 
cussed, and comparisons are made with data previously 
obtained by others. 


REFRACTIVE INDEX OF DISTILLED WATER AS A FUNCTION 
OF WAVE-LENGTH. 

The validity with which dispersion equations can represent 
the refractive index of distilled water has been investigated 
at the Bureau as a preliminary to the use of such equations 
in adjusting and interpolating experimental data that are 
being used as a basis for extensive tables of the refractivity 
of water. For the purposes of these tests measurements were 
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made at 20.00° C. for 25 different wave-lengths from 3,889 to 
7,679 angstroms. All indices were determined by the method 
of minimum deviation using a water-jacketed hollow prism 
mounted in a stirred air bath on the table of a spectrometer 
Equations having 4, 5, and 6 parameters were used and 
adjusted by least squares, and some of the difficulties in 
curve fitting to a few parts per million were investigated. 
The results by use of different equations were examine: 
and compared statistically and it is concluded that th 
Ketteler-Helmholtz equation in the approximate form 


n? 


is peculiarly suitable for the purpose of accurately representing 
the refractivity of water and its variation with wave-length 
in the visible spectrum. 

A paper by Leroy W. Tilton (RP934) in the Novembe: 
number of the Journal of Research should be consulted for a 
more complete account of this work. 


COLOR TEMPERATURE OF TUNGSTEN-FILAMENT LAMPS. 


When a seasoned incandescent lamp is burned at constant 
voltage, its chromaticity is not quite constant but changes 
slowly toward yellow. This chromaticity is conveniently and 
customarily specified by color temperature, defined as thi 
temperature which a completely enclosed space, such as in ; 
furnace, would need to have in order to yield the sam 
chromaticity by thermal radiation. The light output of th 
lamp also decreases. 

An investigation was begun in 1930 by Deane B. Jud: 
of the colorimetry section, with the primary purpose o! 
discovering which of a number of types of tungsten-filament 
incandescent lamps was best suited for standards of colo: 
temperature. It was also expected that the study would 
show how much a working standard could be used before 
check against a primary standard was advisable. 

As a result of this investigation, which is described in 
RP937 of the Journal of Research for November,. 400-watt 
projection lamps have been chosen as lamp standards of colo 
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temperature; this type of lamp was found to be as permanent 
as specially built photometric-standard lamps, and it is also 
a less expensive and more convenient type. The color 
temperature decreases when seasoned lamps of this type are 
burned at about 2,850° K. by an average of less than one- 
tenth of a degree per hour. The rate of decrease is nearly 
proportional to the twenty-third power of the filament 
temperature, and is ascribed largely to the accumulation of 
the familiar brown deposit on the inside of the bulb. The 
effect of operating unseasoned lamps at constant voltage was 
found to be a rapid rise in color temperature extending over 
about half an hour, and amounting to nearly 100° K. at 


r 
. 


3,100° K 


THERMAL EXPANSION OF LEAD-ANTIMONY ALLOYS. 


RP937 in the November number of the Journal of Research, 
gives the results of an investigation by Peter Hidnert on the 
linear thermal expansion of cast lead-antimony alloys con- 
taining from 2.9 to 98.0 per cent. antimony. Observations 
were made at various temperatures between — 12 and + 200° 
C. and are shown in Figs. 3 to 5 of this publication. 

The following conclusions were reached: 

1. A majority of the curves obtained on cooling lie below 
the expansion curves obtained on heating. The deviations 
between these curves are particularly noticeable for the lead- 
antimony alloys containing up to 15 per cent. antimony which 
were cast in a preheated steel mold and cooled slowly. The 
deviations are less noticeable for the alloys of higher antimony 
content which were cast either in a sand mold or a chill mold. 
It is probable that the deviations indicate a lack of equilibrium 
in the samples on account of the effect of the casting conditions 
or of the chemical composition. 

2. The following equations give the relations between the 
coefficients of expansion and the chemical composition of the 
lead-antimony alloys investigated. 


2026 = (29.09 — 0.1789 Sb)10~* + 0.3 X I10~, (1) 
20410 = (29.31 — 0.1773 Sb)10~* + 0.6 X 107, (2) 
204290 = (29.08 — 0.1786 Sb)10~* + 0.3 X 10~, (3) 
10029 = (29.44 — 0.1826 Sb)10~* + 0.3 X 107, (4) 
200429 = (30.41 — 0.1941 Sb)10~* + 0.3 X 107°. (5) 
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In these equations, Sb represents the atomic per cent. o| 
antimony between 4.8 and 97.0 atomic per cent. (2.9 to 95. 
per cent. antimony by weight). In equations (1) to (3 
inclusive, 20460, 202100 ANA yoda represent the average coeffi 
cients of expansion between 20 and 60°, 20 and 100°, an 
between 20 and 200° C., respectively. In equations (4) and 
(5), 100420 and ode represent the average coefficients o 
contraction between 100 and 20°, and between 200 and 20° ( 
respectively. The last term in each equation indicates th 
probable error of the coefficient of expansion. These equ: 
tions show that the coefficient of expansion decrease linearl 
with increase in the atomic per cent. of antimony. 

3. The densities of the lead-antimony alloys also decreas: 
linearly with increase in the atomic per cent. of antimony. 

4. The linear relations between the coefficients of expan 
sion, or density, and the chemical composition (atomic per 
cent.) are typical of relations for other properties of binary 
alloys having structures composed of solid solution + eutectic 

5. The coefficients of expansion of the lead-antimony alloys 
cover a wide range of values. It is possible to select lead 
antimony alloys that have approximately the same coefficients 
of expansion as iron, nickel, gold, copper, silver, aluminum 
magnesium and many of their alloys. 


SOIL CORROSION STUDIES 1934. 


Supplementing the study under the direction of K. H 
Logan, on the effect of soils on iron and steel pipe, a larg: 
variety of metals and alloys have been exposed to soils wher 
serious corrosion of iron was known to occur. In all, about 
9,000 specimens have been buried, 2,500 of which are still i: 
the ground. At about 25 test sites all of the specimens hav 
been removed and for this reason a report on the corrosion 
of non-ferrous materials underground has been prepared, and 
will be found in the November Journal of Research (RP945 

While in general most of the non-ferrous materials teste: 
corrode less rapidly than does steel in most soils, no on 
material appears superior to all others under all soil conditions 
To obtain the best results the user should determine whic! 
material is best adapted to his soil conditions. 
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The rates of corrosion of each material differ so greatly 
under different soil conditions that generalizations are of 
little practical value. In many soils light-weight ferrous 
materials will last so long that the use of better materials 
cannot be justified. Under other conditions the value of 
continuous trouble-free service is sufficient to justify the use 
of a non-ferrous material. 

Soils high in soluble salts which are destructive to steel 
appear to cause the formation of corrosion products which 
protect lead from serious corrosion, but in a few soils lead pits 
badly and there is little evidence of the formation of such a 
protective coating. 

In soils containing sulfides and sulfates, copper and high- 
copper alloys lose weight rather rapidly, and the protection 
rendered by the corrosion products is imperfect. Fortunately, 
the corrosion is nearly uniform. Brasses high in zinc show 
serious dezincification within a few years when exposed to 
certain soils. In most soils the corrosion of copper and brass 
seems to be nearly proportional to the duration of the ex- 
posure. 

Specimens of zinc were placed in only five corrosive soils. 
In some of these the zinc corroded rapidly. In three of the 
soils the rate of penetration tended to increase with the 
duration of the exposure. 

In a few soils aluminum and two of its alloys were unsatis- 
factory. 

Tests in which dissimilar metals were interconnected 
showed serious acceleration of the corrosion of the anodic 
metal or alloy under several conditions. Under other condi- 
tions no galvanic action was indicated. 

Two classes of non-metallic pipe, one of wood fiber and 
the other of a mixture of Portland cement and asbestos fiber, 
were not perfectly resistant to several of the soils. However, 
the methods of manufacture of these materials have been 
changed since the specimens were submitted. 


REDETERMINATION OF THE ATOMIC WEIGHT OF ALUMINUM. 


The atomic weight of aluminum has recently been re- 
determined by James I. Hoffman and G. E. F. Lundell at the 
VOL. 222, No. 1332—52 
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National Bureau of Standards. In this determination « 
the atomic weight, weighed portions of the metal wer 
converted to the hydroxide and sulphate, respectively. Thes 
were then heated until they were changed to the oxic 
Al,O;, whith was finally ignited at 1200 to 1300° C. By thi 
procedure, the atomic weight is related directly to that 
oxygen. 

Careful analyses showed that the metal contained on! 
very small quantities of impurities and disclosed no gases 
the highly ignited oxide: Proper corrections were made | 
the small amount of impurities in the metal, and speci 
precautions were taken to prevent absorption of moisture | 
the ignited oxide during weighing. 

The value for the atomic weight based on this work 
26.974 + 0.002. 

A complete account of this investigation will be publish: 
in the January 1937 number of the Journal of Research. 


THE FRANKLIN INSTITUTE 


STATED MONTHLY MEETING, NOVEMBER 18, 1936. 


The regular monthly meeting of The Franklin Institute was called to order 
at 8:30 o'clock by the President, Mr. Nathan Hayward, who immediately called 
upon the Secretary for the business of the evening. He reported that the minutes 
of the previous meeting were published in the Journal for November, and if there 
were no corrections or additions they should be approved. No objections were 
heard and the President declared that the minutes were approved. The Secretary 
also reported that the additions to membership since the last report were as 
follows: Resident members 5; Student members, 19; Individual members, 3; 
Museum Student, 32; Family members, 3—a total of 62 new members. 

The Secretary called attention to the tenth series of Christmas week lectures 
to be given in the hall of the Institute on December 28, 29 and 30 by Dr. Robert 
W. Wood of The Johns Hopkins University. He has selected for his subject 
“Crystal Magic.” Announcement was also made of the special Christmas demon- 
stration in the planetarium and a new lecture entitled ‘‘Flight in Nature,’’ which 
are scheduled to begin soon. 

The President then introduced Dr. David Sarnoff, President of the Radio 
Corporation of America, who delivered an address on ‘‘ Three Decades of Radio.”’ 
The speaker reviewed the growth of radio from its beginnings through the years 
to the time when it was first used as a distress call by transatlantic steamers. 
Progress was rapid and at the beginning of the World War it had already been so 
fully developed as to become an instrument of world-wide communication. More 
recent achievements in broadcasting and the future developments of radio were 
also considered. The speaker then devoted his attention to the problem of tele- 
vision, which has already gone beyond the experimental stage and will soon come 
into general use. At the close of the address a vote of thanks was tendered the 
speaker. 

Adjourned. 

HENRY BUTLER ALLEN, 
Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of Stated Meéting held Wednesday, November 11, 1936.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, NOVEMBER ITI, 1936. 
Mr. Joun A. VOGLESON in the Chair. 
The following report was presented for final action: 
No. 3014: Discovery of the Positron. 
This report recommended the award of the Elliott Cresson Medal to Dr. Carl 
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D. Anderson, of Pasadena, California, ‘‘In consideration of his discovery of t! 
positron.” 
The following report was presented for first reading: 
g § 


No. 3015: Work, of Dr. J. C. Hostetter. 
JoHN FRAZER, 


Secretary to Committee 
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Price 10 shillings. 

As the title indicates, the contents of this book consist of formula. No 
better explanation can be given than what the author gives in the Foreword. 
Extracts from this follow. 

“In order to analyse the structure of a crystalline substance by methods 
involving the use of X-rays, a considerable amount of calculation is necessary. If 
the structure is a complicated one and a three-dimensional map of electron density 
is required, the calculations may actually take many months to complete. For 
mathematical tables to be of real assistance in this work, they must be presented 
in a practical form, suitable for direct use. That has.been my aim in regard to 
these tables of simplified structure factors, now published for the first time. The 
general structure factor equations included in the ‘Internationale Tabellen zur 
Bestimmung von Kristallstrukturen’ (G. Bell and Sons, Ltd., London, 1935) 
though complete in themselves, cannot be applied without the further simpli- 
fications tabulated here.” 

“* As far as the electron density formule are concerned, these have been given 
in a general and condensed form, which can be expanded to suit the particular 
calculating method or device adopted by the individual worker.” 

R. H. OPPERMANN. 


An ADVANCED COURSE IN GENERAL COLLEGE Puysics, by Paul Leverne Bayley, 
Ph.D., and Charles Clarence Bidwell, Ph.D. 340 pages, tables, diagrams, 
14 X 22.5 cms. New York, The Macmillan Company, 1936. Pricé $3.50. 
This book has been written for the reader who has had a grounding in 
elementary physics or in mathematics and who desires to progress further along 
the general line of physics, without specializing in any particular branch. With 
this purpose in mind, one expects to find and does find the subjects covered similar 
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to those in the more elementary text. The difference, however, lies in the deepe: 
examination of those subjects which is done in this book. Necessarily, then 
mathematics plays a more important role. 

There are six divisions of the book—Mechanics, Wave Motion and Sound 
Heat, Electricity and Magnetism, Light, and Electron Physics and the Quantu: 
Theory. Each of the above topics is treated in logical order, from the simple t 
the more complex. And the nature of each topic is given rigorous and complet: 
explanation. For instance, take the very beginning of the book, the chapter o 
Mechanics. This starts with a discussion on the fundamental concepts of positio 
and motion. Vector operations and their use are described which of course r 
quires the use of trigonometry. Integration is also introduced at once as th 
inverse of differentiation. Other mathematics is introduced in a way as 
gradually make known its usefulness in relation to the completeness of coverag: 

The book contains much in the way of illustrations and diagrams. Careful! 
selected problems are given for solution as exercises. A subject index complet: 
the book. 

As a general text, the work is outstanding. It provides a thorough training 
in fundamental physics and should be of much value to student as well as pra: 
ticing engineers who have need for more basic knowledge. 

R. H. OppPERMANN. 


ELECTRICAL ENGINEERING IN RApIOLOGY, A TREATISE ON THE NATURE AN 
FUNCTION OF ELECTRICAL EQUIPMENT FOR X-RAY WorRK IN MEDICINE AN! 
INpustTRY, by L. G. H. Sarsfield, with foreword by V. E. Pullin. 284 pages 
tables, illustrations, 13.5 X 22 cms. Pittsburgh, Instruments Publishing 
Company, 1936. Price $6.00. 

Radiology is a comparatively new science that is now broadening to a gre: 
extent, into new fields. The application of electrical engineering to radiolog 
has brought a specialized development with resulting greater efficiency as is e\ 
denced by the progress in design and construction during the last 15 years. A 
though this volume is devoted to electrical equipment it necessarily makes refer 
ence to many of the various components which comprise the complete X-ra 
range. 

The treatment begins with a chapter on X-ray transformers, explaning the 
construction from the core to the windings, their insulation and position, an 
terminal bushings. There is here described a transformer of new design, co 
structed by the Research Department at Woolwich, in which a ring core is en 
ployed and the windings are added by through-and-through application of the 
turns. Then, there follows a chapter on filament transformers. 

The employment of uni-directional current by the X-ray tube makes 
necessary to provide means for rectification of alternating current. The part « 
this book devoted to this subject is extremely interesting. First, valve rectifica 
tion is taken up and a review is made of early rectifiers. From here the subject is 
brought up to date. Although valve rectification today has such extensive a; 
plication, there are still unsuccessful application of a large number of mechanic: 
rectifiers. The author has chosen wisely to include in his book explanations o! 
mechanical rectifiers of all descriptions. It is an example of the completeness « 
the rest of the book. 
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Other parts of the book are devoted to voltage multiplying circuits and 
constant potential equipment, electrical measurements, high voltage transmission, 
control gear, layout and fittings, stages in the progress of the X-ray tube, main- 
tenance, special equipment for various purposes, and a treatment on electrical 
safety. 

The book contains a large number of illustrations, drawings and tables. It 
undoubtedly satisfies a great need by its complete and clear coverage of such a 
specialized subject. It is a text for the student, a reference work for the operator, 
and a very illuminating book for the designer. 

R. H. OpPERMANN. 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 

Report No. 564, Tests of a Wing-Nacelle-Propeller Combination at Several 
Pitch Settings up to 42°, by Ray Windler. 8 pages, diagrams, 23 X 29 
cms. Washington, Superintendent of Documents, 1936. Price ten 
cents. 

A 4-foot model of Navy propeller No. 4412 was tested in conjunction with an 
N.A.C.A. cowled nacelle mounted ahead of a thick wing in the 20-foot propeller- 
research tunnel. A range of propeller pitches from 17° to 42° at 0.75R was cov- 
ered, and for this propeller the efficiency reached a maximum at a pitch setting of 
27°; at higher pitches the efficiencies were slightly lower. The corrected propul- 
sive efficiency is shown to be independent of the angle of attack for the high-speed 
and the climbing ranges of flight. A working chart is presented for the selection 
of similar propellers over a wide range of airplane speed, engine power, and propel- 
ler revolution speed. 


Report No. 565, Measurements of Fuel Distribution Within Sprays for Fuel- 
Injection Engines, by Dana W. Lee. 15 pages, tables, diagrams, 23 X 29 
cms. Washington, Superintendent of Documents, 1936. Price ten 
cents. 

Two methods were used to measure fuel distribution within sprays from 
several types of fuel-injection nozzles. A small tube inserted through the wall of 
an airtight chamber into which the sprays were injected could be moved about 
inside the chamber. When the pressure was raised to obtain air densities of 6 
and 14 atmospheres, some air was forced through the tube and the fuel that was 
carried with it was separated by absorbent cotton and weighed. Cross sections 
of sprays from plain, pintle, multiple-orifice, impinging-jets, centrifugal, lip, slit, 
and annular-orifice nozzles were investigated, at distances of 1, 3, 5, and 7 inches 
from the nozzles. 

Sprays that were symmetrical about their axes were also tested by a second 
method in which the injection valve was inserted through the top of a pressure 
chamber containing a nest of eight concentric cups, the axis of which coincided 
with the nozzle axis. The injected fuel was caught by the cups, drained into 
receptacles below, and weighed. Tests were made at 1, 6, and 14 atmospheres, at 
the same distances from the nozzles used in the first method. 

It was found that the distribution of the fuel within the sprays always im- 
proved with increasing distance from the nozzle and usually with increasing air 
density, the effect of both factors being greatest with sprays of high penetrating 
power. Distribution within sprays from plain nozzles improved slightly with an 
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increase in the injection pressure or with a decrease in the fuel viscosity. Chang 
ing the orifice length-diameter ratio of plain nozzles had little effect on fuel dis 
tribution. 


Report No. 569, Wing-Nacelle-Propeller Interference for Wings of Variou 
Spans, Force and Pressure-Distribution Tests, by Russell G. Robinso: 
and William H. Herrnstein, Jr. 16 pages, diagrams, 23 X 29 cms 
Washington, Superintendent of Documents, 1936. Price ten cents. 

An experimental investigation was made in the N.A.C.A. full-scale win 

tunnel to determine the effect of wing span on nacelle-propeller characteristics an: 

reciprocally, the lateral extent of nacelle and propeller influence on a monoplan: 

wing. The results provide a check on the validity of the previous research o1 

nacelles and propellers with 15-foot-span wings tested in the 24-foot wind tunn 

and reported in Technical Reports 415, 436, 462, 505, 506, and 507. 

The 4/9 scale-propeller and the N.A.C.A. cowling used in the former research: 
were tested in three typical tractor locations with respect to a thick wing of 5-fo: 
chord and 30-foot span. The span was progressively reduced to 25, 20 and 15 fe« 
and the same characteristics were measured in each case. 

The efficiency factors—propulsive efficiency, nacelle drag efficiency, and n¢ 
efficiency—were obtained for each wing length by means of force tests and th: 
values are compared to determine the effect of span. Pressure-distribution meas 
urements show the lateral extent of the nacelle interference and the propelle: 
slipstream effect on the span loading for the various conditions. Complete pola: 
curves and curves showing the variation of nacelle drag with lift coefficient ar 
also included. 

Force and pressure-distribution tests concur in indicating that, for engineerin 
purposes, the influence of a nacelle and of a propeller, in a usual combinatio: 
may be considered to extend laterally on a wing the same maximum distance, « 
about five nacelle diameters or two propeller diameters outboard of their commor 
axes. All important effects of 4/9-scale nacelle-propeller combinations may b« 
measured within practical limits of accuracy by tests of a 15-foot-span wing. 


Report No. 576, Aircraft Accidents—Methods of Analysis, Report prepar« 
by Committee on Aircraft Accidents. 10 pages, diagrams, 23 X 29 cms 
Washington, Superintendent of Documents, 1936. Price ten cents. 

This report is a revision of Technical Report No. 357, prepared by the Cor 

mittee on Aircraft Accidents and published in 1930. The original report of th: 

National Advisory Committee for Aeronautics on the analysis of aircraft accidents 

of which Report No. 357 was the first revision, was prepared by a Special Con 

mittee on the Nomenclature, Subdivision, and Classification of Aircraft Ac« 

dents, and issued as Technical Report No. 308 of the National Advisory Commi 

tee for Aeronautics. The special committee was organized by the Nationa 4 

Advisory Committee for Aeronautics in response to a request dated February 1° 

1928, from the Air Coérdination Committee which consisted of the Assistant 

Secretaries for Aeronautics in the Departments of War, Navy, and Commerce. 
Since the publication of the original report, the practical value of the meth: 

of accident analysis has been definitely proved by its use in the War, Navy, an 

Commerce Departments. However, during the first two years questions 

interpretation of some of the definitions arose and incidents occurred for which th« 
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specified classifications seemed inadequate. In order to meet these conditions, 
Report No. 357 was prepared by the Committee on Aircraft Accidents. The re- 
cent rapid advances in aeronautics have resulted in the need for further revision, 
and this report has accordingly been prepared to supersede Report No. 357. 


THE ScIENTIFIC Basis OF ILLUMINATING ENGINEERING, by Parry Moon. 608 
pages, tables, illustrations, 15.5 X 23.5 cms. New York and London, 
McGraw-Hill Book Company, Inc., 1936. Price $5.00. 

The most important of our senses is sight and it seems strange that so little 
attention is paid to it, particularly from a scientific standpoint. There is much 
advertising and other publicity bombarding the average man today on the subject 
of better illumination and the deleterious effects of poor illumination, and it is 
well to see increasing evidences of cases where artificial illumination is taken 
seriously or as a profession even though they are comparatively few in number. 
That illuminating engineering is destined to become a profession there is little 
doubt. As such, a proper scientific basis must be formed upon which the super- 
structure can be built. Now, here is a book for that very purpose. Its contents 
are confined to the material which will be of greatest use in an introductory course 
in illuminating engineering—the scientific basis of the subject—a development of 
a suitable foundation of applied physics. 

An introductory chapter explains some of the fundamentals of the subject 
such as the nature of radiation, and wave-length and frequency. This is followed 
by treatments on the spectroradiometric curve upon which the book is based 
instead of the standard candle, radiation from gaseous conduction and incan- 
descent sources, the measurement of light, illumination from point and surface 
sources, lighting design, and color. Developments such as the barrier-layer 
photoelectric cell, the sodium lamp, and the high pressure mercury lamp are 
included. The author states in outright manner in the preface that no attempt 
is made to treat the whole field of illuminating engineering, therefore practical 
applications, artistic aspects, and psychological effects are hardly touched. 

The book is well constructed, the subjects presented in logical order and in a 
clear and well illustrated manner. It is flexible in that certain portions can be 
omitted or included to accommodate specific coverage. A bibliography follows 
each chapter for further reading. Tables, curves and diagrams given in the text 
and data in the appendix furnish valuable reference material. 

To those who desire to follow illuminating engineering as a profession and 
therefore desire a sound technical basis from which it may be possible to exercise 
originality for development beyond present methods, this book should be of value. 

R. H. OPpPERMANN. 


PUBLICATIONS RECEIVED. 


Recent Advances in General Chemistry, by Samuel Glasstone. 430 pages, 
tables, illustrations, 14 X 21 cms. Philadelphia, P. Blakiston’s Son & Co., Inc., 
1936. 

Recent Advances in Physical Chemistry, by Samuel Glasstone. 477 pages, 
tables, illustrations, 14 X 21 cms. Philadelphia, P. Blakiston’s Son & Co., Inc., 
1936. 
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Electrical Engineers’ Handbook, volume 4, Electric Power, prepared under th: 
editorship of Harold Pender, William A. Del Mar and Knox MclIlwain. Various! 
paged, tables, 14 X 22 cms. Price $6.00. Volume 5, Electrical Communication 
and Electronics, prepared by a staff of specialists under the editorship of Harol: 
Pender and Knox Mcllwain. Variously paged, tables, 14 X 22 cms. New York 
John Wiley & Sons, Inc., London: Chapman & Hall, Ltd., 1936. Price $5.00. 

A Textbook of Organic Chemistry for Students of the Medical Sciences, by Hug 
C. Muldoon. 590 pages, illustrations, 14 X 21 cms. Philadelphia, P. Blakiston’: 
Son & Co., Inc. Price $3.00. 

A Survey Course in Physics, by Carl F. Eyring. 378 pages, illustrations 
16 X 23 cms. New York, Prentice-Hall, Inc., 1936. Price $3.00. 

The Story of Human Error, edited by Joseph Jastrow. 444 pages, tables 
16 X 23 cms. New York and London, D. Appleton-Century Company, In 
1936. Price $3.50. 

Transactions of the American Institute of Mining and Metallurgical Engineer 
vol. 120, Iron and Steel Division. 411 pages, illustrations, 16 X 24 cms. Ne 
York, Institute, 1936. 

Lessons and Problems in Electricity, by Newell C. Page. 356 pages, tables 
diagrams, 14.5 X 22 cms. New York, The Macmillan Company, 1936. Pric: 
$2.75. 

Aluminum Paint and Powder, by Junius David Edwards. 216 pages, illus 
trations, tables, 16 X 23.5 cms. New York, Reinhold Publishing Corp., 193¢ 
Price $4.50. 

The Scientific Basis of Illuminating Engineering, by Parry Moon. 608 pages 
tables, illustrations, 15.5 X 23.5 cms. New York and London, McGraw-H 
Book Company, Inc., 1936. Price $5.00. 

Kent's Mechanical Engineers’ Handbook, II, Power, eleventh edition, rewritt: 
by Robert Thurston Kent. Variously paged, 14 X 22 cms. New York, Jol 
Wiley & Sons, Inc. London: Chapman & Hall, Ltd., 1936. Price $5.00. 

Elements of Nuclear Physics, by Franco Rasetti. 327 pages, tables, 15 
X 23.5 cms. New York, Prentice-Hall, Inc., 1936. Price $4.50. 

Radio Field Service Data, by Alfred A. Ghirardi. Unpaged, loose-leaf, illus 
trations, 14 X 21 cms. New York, Radio and Technical Publishing Co., 193 


Einfiihrung in die klassische Elektrodynamik, von Dr. Johannes Fischer. 199 


pages, illustrations, 17.5 X 26 cms. Berlin, Julius Springer, 1936. Price 
marks. 

Elektronentheorie der Metalle, von Dr. Herbert Frohlich. 382 pages, illust: 
tions, 15 X 22 cms. Berlin, Julius Springer, 1936. Price 27 marks. 

Werkstoffkunde der Hochvakuumtechnik, von W. Espe und M. Knoll. 383 pages 
illustrations, tables, 17 X 25cms. Berlin, Julius Springer, 1936. Price 48 marks 

Canada Dominion Bureau of Statistics, Report on the Grain Trade of Canad 
1935. 202 pages, tables, 16.5 X 24.5cms. Ottawa, King’s Printer, 1936. Pric 
fifty cents. 

National Advisory Committee for Aeronautics, Twenty-first Annual Report 
1935. 625 pages, tables, illustrations, 23 X 30 cms. Technical Notes, No. 58: 
A General Tank Test of a Model of the Hull of the British Singapore IIC Flyin 
Boat, by John R. Dawson and Starr Truscott, 11 pages, diagrams. No. 582 
Analysis and Model Tests of Autogiro Jump Take-Off, by John B. Wheatley an 
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Carlton Bioletti, 18 pages, tables, illustrations. No. 583, Mixture Distribution in 
a Single-Row Radial Engine, by Harold C. Gerrish and Fred Voss, 7 pages, 
diagrams. 3 pamphlets, 20 X 26 cms. Washington, Committee, 1936. 

Bell Telephone Laboratories, Monographs: B-934, Fields Caused by Remote 
Thunderstorms, by K. E. Gould, 19 pages, maps. B-936, Tandem Operations in 
the Bell System, by F. M. Bronson, 25 pages, illustrations. B-939, Oscillations 
in Systems with Non-Linear Reactance, by R. V. L. Hartley, 17 pages, diagrams. 
B-943, A New Type of Underground Telephone Wire, by D. A. Quarles, 9 pages, 
illustrations. B-946, Gutta-Percha Effect of Vulcanization on Its X-Ray Di- 
agram, by C. S. Fuller, 14 pages, tables, diagrams. B-947, Soft Vulcanized Rub- 
ber—Effect of Temperature and Oxygen Pressure on Aging, by J. H. Ingmanson 
and A. R. Kemp, to pages, tables, illustrations. B-948, Field Currents From 
Tungsten and Thoriated Tungsten, by A. J. Ahearn, 16 pages, diagrams. B-g949, 
Change of Pitch with Loudness at Low Frequencies, by William B. Snow, 6 pages, 
diagrams. B-g950, A Laboratory Vacuum Casting Furnace, by Jack H. Scaff and 
Earle E. Schumacher, 6 pages, diagrams. B-951, The Optical Constants of 
Potassium, by Herbert E. Ives and H. B. Briggs, 9 pages, illustrations. B-952, 
Calculated and Experimental Photoelectric Emission from Potassium, by Herbert 
E. Ives and H. B. Briggs, 4 pages, tables. B-953, Acoustics of Sound Recording 
and Reproduction from Motion Pictures, by Franklin L. Hunt, 6 pages. 12 
pamphlets, 15 X 23 cms. New York, Bell Laboratories, 1936. 

Lord Kelvin, Master of Heat and Cold. 7 pages, 15 X 23 cms. New York, 
Temperature Research Foundation of Kelvinator Corporation, 1936. 

The Wonderful Achievements of Radiotelegraphy in War and Peace. 30 pages, 
14 X 21 cms. New York, William Dubilier, 1919. 


CURRENT TOPICS. 


Unusual Transformer.—(Power, Vol. 80, No.10.) A transforme: 
just completed at the G. E. Pittsfield Works for Consolidated Gas & 
Electric Co., Baltimore, Md., has its cooling radiators arranged in 
three large banks to facilitate installation. Motor driven blowers 
provided for each bank are arranged for manual control, or can b 
started or stopped automatically by changes in oil temperature 
The transformer is rated 53,330 kva. with the blowers, and 40,000 
kva., without them. Total weight including oil is 400,000 Ib., of 
which 34,000 Ib. is in the copper wire. It stands 241% ft. high and 
covers a floor area of 3144 X 41)4ft. Load-ratio control equipment 
is provided, affording different ratios of transformation and pro 
viding great flexibility in control of voltage and system power 


factor. 
R. H: O. 


Foreign Steam Plant Uses New Principle.—(Electrical World, 
October 10, 1936.) The I. G. Farbenindustrie has just completed a 
new type of steam plant at Leverkusen, Germany, which will pro 
duce electricity at $0.002 per kilowatt-hour, according to informa 
tion received in this country. This plant, rated at 250,000 hp., is 
said to be the only one of its kind in the world. It has a vertical 
boiler with tubes between 75 and 1ooft.long. The principal featur: 
of the plant is that there is no water in the fire box. The tubes, 
instead of water, contain steam, which is drawn off the head of the 
tubes at 1,000 Ib. It is said that in no other plant in the world is 
steam pumped at such pressure. The boiler burns powdered coal! 
at a temperature of 500 deg. C., working pressure 135 atmospheres 
It is equipped with Cottrell precipitators and has no smokestacks 
There is no fly ash and it gives off no combustible matter. 

ma. ex:O. 


Russia Plans Huge Network of Heat, Power Stations.—(//ea/- 
ing and Ventilating, Vol. XXXIII, No. 10.) The third Five-Year 
Plan will see development on a large scale of district power stations 
which supply not only electricity, but hot water for domestic and 
industrial heating purposes. The water will be obtained by utilizing 
the steam from the turbines on the way to the condenser, a valuable 
source of energy. The plans raise a number of technical problems 
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which are dealt with in a recent issue of Za Industrializatsiu, organ 
of the Peoples Commissariat of Heavy Industry. One of these is 
the transportation and storage of fuel for large heat and power 
stations. Large quantities must be transported and such traffic 
could not be brought into the center of large cities. Such difficulties 
could be overcome by burning gas instead of solid fuel. Both 
Leningrad and Moscow have fairly close at hand low quality fuels 
which could be gasified and transported through pipes to power 
stations. True, such gasification is expensive and would require 
large capital outlay. But for Leningrad and Moscow, considera- 
tions of hygiene, transport and convenience may outweigh the 
cheapness of burning the fuels directly under the boilers. Natural 
gas also promises to be a great source of fuel. Intensive work is 
also being carried out to utilize another potential source—under- 
ground gasification of coal. This is being accomplished already on 
a small scale. 


R. H. O. 


Researchers Find New Coal Tar Products.—(National Petroleum 
News, Vol. XXVIII, No. 42.) A new series of high-boiling solvent 
oils and a new stable resin have been prepared from light oils derived 
from by-product coking operations. This work has been done by 
P. J. Wilson, Jr., and J. H. Wells, at Mellon Institute of Industrial 
research. These high-boiling oils are mainly aromatic in character, 
with small percentages of paraffins and of oils soluble in 80 per cent. 
sulfuric acid. They boil between 180°C. and 375°C., have a 
specific gravity of 0.950 to 1.030, and are excellent solvents for 
resinates, many natural gums and synthetic resins, rubber, Thiokol, 
etc. Theresin appears to be a mixed polymer of aromatic olefins and 
cyclic dienes, or compounds containing two separate double bonds 
between carbons. It is emulsifiable in water, soft at 140° C., con- 
tains no free carbon, and is miscible with many gums, resins and 
asphalt, coal tar pitch, and pine tar. It appears to be suitable for 
binder and adhesive purposes, floor tile, varnishes, linoleum, battery 
seals, etc. 


R. H. O. 


No Weather Effect from Lake Mead.—( Engineering News Rec., 
Vol. 117, No. 17.) Lake Mead, which is the lake formed by Boulder 
Dam, has been the subject of a number of inquiries with relation 
to it being a source of precipitation on the surrounding usually dry 
country. This precipitation, according to calculations made by J. 
Cecil Alter meterologist for the United States Weather Bureau, is 
negligible. Mr. Alter concluded that ‘Utah received in precipita- 
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tion during the last twelve months 100 times as much water as could 
possibly have been evaporated from Lake Mead, and during August 
1936, received 150 times as much rain as could have come from the 
artificial lake. I doubt whether Utah received more than a few 
drops of rain from the Boulder Dam area. Moisture rising as vapo: 
under ordinary conditions is diffused rapidly, and frequently travels 
25 miles an hour, or 600 miles per day.”” Mr. Alter stated that more 
than normal precipitation occurred in Utah in January, February, 
June, July and August 1936, with February and July the wettest o: 
record. However, in March, April, May and September 1936, th: 
precipitation has been below normal. These variations, Mr. Alte: 


said, were no more than would be normally expected. 
m m: O. 


La Mont Controlled Forced Circulation Steam Generator. 
(Engineering, Vol. CXLII, No. 3692.) Several designs of forced 
circulation boilers have appeared of late and Messers La Mont 
Steam Generator, Ltd., have developed a waste heat steam generato: 
for water gas plants and a furnace water wall for marine boilers 
The present design, however, differs substantially from both of 
these. The boiler is of water tube type and has a steam drum 
There are no water drums, the ‘“‘return’’ flow being connected wit! 
the suction side of the centrifugal pump which circulates the wate: 

This circulation is not a mere delivery of water to the tubes gener 

ally, but is so controlled that each tube receives the amount of wate: 
appropriate to its steam generating capacity, this capacity being 
determined by the position of the tube in the boiler. Any desired 
direction of the flow in relation to the gas stream etc. is, furthe: 

possible. It is claimed that the accurate correlation of water flow 
and rate of heat absorption eliminates the possibility of overheating 
which may arise from the unstable conditions at times associated 
with natural circulation, that corrosion is avoided, and that scale 

forming or suspended matter cannot settle on the heated tube wal! 
but is carried to the drum, the lower part of which contains wate 

and is there deposited to be removed by blowing down in the usual! 
manner. The boiler can, in consequence, be steamed at very high 
rates of evaporation. It follows from the individual control of the 
water flow in each tube that the heating surface can be disposed 
without loss of efficiency in any convenient manner and therefor 


the form of the boiler is not stereotyped. 
R. H. O. 


Heat the Floor to Warm the Air.—( Electrical World, Vol. 106 
No. 43.) Revolutionary is the method of warming large-area 
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buildings developed at the new hangar to the Douglas aircraft 
factory at Santa Monica, Calif. Efficient and economical heating 
arrangements for such large inclosures have long been a problem and 
the Douglas engineers decided that the best means of providing 
comfortable working conditions was actually to use the concrete 
floor slab as a source of heat. To accomplish this novel electrical 
heating, units consisting of nichrome wire pulled in Fretz-Moon 
conduit and insulated therefrom by means of porcelain spacers, 
were developed. Units are of sufficient capacity to provide the 
most economical electrical distribution over the 300 by 300 ft. area 
of the hangar. The units are laid in the form of loops on 3 ft. 
centers so that they will be in the center of a 2 in. slab of concrete 
when the floor is poured. Calculated to raise the temperature of 
the concrete floor slab to 90 deg. F., the energy is supplied to the 
units at off-peak periods, thereby enabling a very favorable rate for 
power to be obtained. The concrete itself retains the heat for a 
long period, so that advantage can be taken of this method of 
supply. 
R. H. O. 


Surgical Supply Company Uses Air Conditioning.—( Refrig- 
erating Engineering, Vol. 32, No. 5.) The E. F. Mahandy Surgical 
Supply Co. of Boston, Mass., recently decided to employ air condi- 
tioning in the handling of their suture product in order to produce an 
atmosphere as nearly sterile as mechanically possible. This prob- 
lem entailed a very special and unique application of air condition- 
ing. It is a combination of industrial and comfort cooling with 
emphasis stressed upon.the introduction of clean air as free from 
contamination as mechanically feasible. The unit housing the 
various operations was built within a large room. The new struc- 
ture was divided into several small rooms with the refrigerating and 
air handling equipment in a separate room. The raw suture 
material is first brought into the non-sterile room where it undergoes 
mechanical preparation and is finally inserted into tubes. The 
racked tubes are then passed into the sterilizing room and placed into 
the sterilizer. Then in another room alcohol is added to the tubes 
and they pass into the sealing room where they are sealed and packed 
for the market. The bacteriological testing laboratory is located 
adjacent to the sealing room and it is here where the story of the 
application of air conditioning has been written indelibly. Since 
the beginning of these operations under the influence of air condi- 
tioning, the company has not lost one tube of suture due to con- 
tamination. A culture test was taken within the air conditioned 


sterile room during a period when the room was occupied and work 
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going on. In this case, the agar plate was. exposed for a half an 
hour, and at the end of incubation there were only two colonies of 
bacteria on the agar plate. This is truly a remarkable testimonia! 
for this particular application of air conditioning. 


R. Hi. O. 


Pneumatic-Tired Carriers Transport Heavy Girders on Earth 
Roadway.—( Construction Methods, October, 1936.) Riding on a 
dozen pneumatic tires, distributed four under the rear end of a 
truck tractor and eight under a specially designed trailer, 65 toi 
girders for the Little Hell Gate spans of the Triborough Bridge, New 
York City, traveled in wet and dry weather over an earth road and 
down a steep grade to the water’s edge where a derrick on the bride: 
deck picked them up and set them in the structure. Both trucks 
and trailers were equipped with adjustable welded brackets fo 
transporting the girders in vertical position. Each of the fou: 
trailers constructed weighs about 19 tons and consists of a heavy 
welded frame resting on two trunnion-type rocker axles equipped 
with dual wheels making four dual wheels in all. These wheels are 
arranged in a straight line across the width of the trailer. The axles 
could rotate through a limited angle in a vertical plane but could not 
be turned in a horizontal plane. Free rocker motion of the axles 
assured full load carrying effectiveness of the dual wheels on unever 
ground. Each wheel was shod with a 10.50 X 24 in. pneumatic 
tire. Only about one-fourth of the weight of the girder was throw: 
on the truck, the remainder being carried by the trailer, which was 
spotted near the five-eighths point of the girder to obtain this load 
distribution. R. H. O. 


Oranges, Coffee, Bacon and Logs.—H. W. YounG (/ndust) 

and Welding, Third Quarter, 1936). Inasteadily increasing numbe: 
of localities today, you may go into the corner grocery or the down 
town department store and see a neat array of cartons of a little ove: 
a cubic foot in contents which contain something called Pres-to 
logs. These logs are briquettes of the dry waste in the form of 
sawdust, shavings and hogged chips from lumber manufacturin; 
plants. They can be used in the ordinary wood or cook stove o1 
combination range, or possibly in the fireplace. Research and 
experiments in the development of this product on the part of Wood 
Briquettes Inc., began in February 1929 and after four years a 
machine was built that would operate satisfactorily. To carry the 
operation through and control it uniformly led finally to the adop 
tion of a machine having the screw principle of feeding and pressing 
the material, working against a pressure holding cylinder. It 
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consists of a series of dies held in a large wheel or disc. As this 
revolves a step at a time, each die is lined up automatically with the 
screw cylinder opening and receives the material from the screw and 
its extension head. All the material is reduced from its original 
state by grinding to a uniform size. Tremendous friction is devel- 
oped in filling a die, creating temperatures of from 350 to 450 deg. 
F. Therefore the die holding disc is water cooled. As each die is 
filled, the wheel turns one step and brings the next die into position 
to be filled. As the material for each log is forced into the die by 
the screw, it forces the previous log, now cooled, out at the other 
end. The logs are of uniform size and density. Each log weighs 
about 8 Ibs. This condensed form of fuel compares favorably with 


other classes of fuel. 
R. H. O. 


New York’s First Glass Office Building.—(Skyscraper Manage- 
ment, Vol. 21, No. to.) At the southwest corner of Fifth Avenue 
and Fifty-sixth Street a business building built entirely of glass 
construction, even to the floors, is to be constructed for the Corning 
Glass Works. The building will be five stories high. The facade 
will be built of glass blocks, each one foot square, separated by 
seams of lime, Portland cement, and mortar one-quarter inch wide. 
These great screens of glass will be set in a frame of Indiana lime- 
stone, the only stone in the building visible to the public. As the 
entrance to the building will be on the side street, the entire Fifth 
Avenue frontage will be a pile of translucent glass. The strength 
of this glass house was illustrated recently by Arthur A. Houghton, 
Jr., an officer of the Corning Glass Works, who said that a wall of 
these blocks could be constructed 600 feet before the base would 
show the effect of the tremendous weight. The building will be 
sealed, so to speak. It will be air-conditioned and the face of the 
completed structure may be washed with a hose, dust and grime 
coming off as if it were a mirror. The most important physical 
characteristic of the glass is its coefficient of expansion—.0000032 
for each degree of temperature change between 66 degrees and 662 
degrees F. This characteristic is considered extremely important 
because of severe and sudden changes to which materials used in 
building exteriors are subjected. The scientifically designed optical 
fluting is pressed on the inner walls of the block. The flutes run 
vertically on one wall and horizontally on the opposite. Although 
all images seen through the block are thus purposely obscured, 78 
per cent. of the light directed at the surface will be transmitted. 


R. H. O. 
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Television.—In a statement made November 6, 1936, Davin 
SARNOFF, President of the Radio Corporation of America, explained 
that definite progress in research and development has been made 
in practical television. Transmissions have been made from the 
top of the Empire State Building in New York City. Observations 
and measurements of these have been made through experimental! 
receivers in the metropolitan area. There have been successfully 
transmitted through the air, motion pictures as well as talent before 
the televisor. The distance over which these television programs 
have been received has exceeded expectations. A great deal has 
been learned about the behavior of ultra short waves and inter- 
ferences, and the soundness of the technical fundamentals of the 
R.C.A. system has been confirmed. <A 343-line definition is used 
in field tests and a 44I-line definition has been recommended 
Mr. Sarnoff states that from the standpoint of research, laboratory 
development, and technical demonstration, television progress in 
the United States continues to give us an unquestioned position of 
leadership in the development of the art. Further, ‘‘ the distinction 
between television in this country and abroad is the distinction 
between experimental public services undertaken under government 
subsidy in countries of vastly smaller extent, and the progressive 
stages of commercial development undertaken by the free initiative, 
enterprise and capital of those who have pioneered the art in the 
United States. While the problems of television are formidable, 
I firmly believe they will be solved. With the establishment of a 
television service to the public which will supplement and not 
supplant the present service of broadcasting, a new industry and 


new opportunities will have been created.” 
R. H. O. 


Efficient Luminescent Materials.—Mr. H. W. LEVERENz of the 
Radio Corporation of America presented a paper before a joint 
meeting of the American Physical Society and the Optical Society 
of America that revealed very interesting information on the 
creation of more efficient luminescent materials, which was a 
problem in the development of improved television receivers. 
From the paper it was apparent that the laboratory work necessi- 
tated delving into pure scientific research. It was found that 
materials made to a certain formula on one day would give a widely 
different performance on another day. A suspected reason for 
this was a slight variation of the dust content of the air. Special! 
laboratories were built and air-conditioned for the further investiga- 
tion. One curious bit of knowledge which this research has turned 
up is that the absolute purity of materials used in experimenting 
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does not necessarily make for the most efficient results in their 
use in cathode ray tubes. It is, however, highly important to be 
able to control very accurately the addition of any foreign or 
‘“‘impure’’ substances which make the luminescent material produce 
more light in the tubes. 


m. Be. €). 


New Corrosion Resistant Specialties.—The International Nickel 
Co., Inc. has announced two new products to meet corrosive prob- 
lems in a variety of plants where acid, alkali and other corrosive 
agents are encountered. One is a Monel caster for trucks, hampers 
and wheeled conveyors of all kinds used where corrosive materials 
are liable to spill over on the floor. The other is for use in similar 
plants and is a Monel pail of 12, 14, and 16 quart sizes. Bottom 
and sides are electrically seam welded. The seam cannot break 
open and there are no rivets at which leaks can start. 


R. H. O. 


International Association for Testing Materials.—Arrangements 
are being made for the Second International Congress of this associa- 
tion to be held in London, England, April 19-24, 1937. The sub- 
jects selected for discussion are divided into four groups dealing 


respectively with Metals, Inorganic Materials, Organic Materials, 
and Subjects of General Importance. The latter include the 
relation between the results of laboratory tests and behavior in 
use and service, the bearing of recent advances in physics and 
chemistry on the knowledge of materials, and the properties of 
materials for the thermal and acoustic insulation of buildings. 


R. H. O. 


Fifth International Congress for Applied Mechancis (1938).— 
Announcement is made by the American Committee of the meeting 
in Cambridge, Mass., U. S. A., September 12-16, 1938, at Harvard 
University and the Massachusetts Institute of Technology. As in 
the past, this Congress is to be a meeting of persons working in the 
field of Applied Mechanics before whom reports of work may be 
presented for discussion. The program will cover structures, 
elasticity, plasticity, hydro- and aerodynamics, meterology, heat 
transfer, dynamics of solids, vibration and sound, etc. 


R. H. O. 
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AWARDS BY THE INSTITUTE 


The following awards are made by The Franklin Institute: 


The Franklin Medal (Gold Medal).—This medal is awarded annually 
from the Franklin Medal Fund, founded January 1, 1914, by Samuel Insull, 
Esq., to those workers in physical science or technology, without regard to 
country, whose efforts, in the opinion of the Institute, acting through its Com- 
mittee on Science and the Arts, have done most to advance a knowledge of 
physical science or its applications. 

The Elliott Cresson Medal (Gold Medal).—This medal is awarded 
for discovery or original research, adding to the sum of human knowledge, 
irrespective of commercial value; leading and practical utilizations of dis- 
covery; and invention, methods or products embodying substantial elements of 
leadership in their respective classes, or unusual skill or perfection in work- 
manship. 


The Howard N. Potts Medal (Gold Medal).—This medal is awarded 
for distinguished work in science or the arts; important development of pre- 
vious basic discoveries; inventions or products of superior excellence or utilizing 
important principles. 

The George R. Henderson Medal (Gold Medal).—This medal is to 
be awarded for meritorious inventions or discoveries in the field of railway 
engineering. 

The John Price Wetherill Medal (Silver Medal).—This medal is 
awarded for discovery or invention in the physical sciences or for new and 
important combinations of principles or methods already known. 


The Edward Longstreth Medal (Silver Medal).—This medal is 
awarded for inventions of high order and for particularly meritorious improve- 
ments and developments in machines and mechanical processes. In the event 
of an accumulation of the fund for medals beyond the sum of one hundred 
dollars, it is competent for the Committee on Science and the Arts to offer 
from such surplus a money premium for some special work on any mechanical 
or scientific subject that is considered of sufficient importance. 


The Louis E. Levy Medal (Gold Medal).—This medal is awarded 
to the author of a paper of especial mer‘t, published in the JourNAL or THE 
FRANKLIN INstiTUTE, preference being given to one describing the author’s 
experimental and theoretical researches in a subject of fundamental importance. 


The Walton Clark Medal (Gold Medal).—This medal is awarded to the 
“author of the most notable advance in knowledge or improvement in apparatus, 
or in method concerning the science or the art of gas manufacture or distri- 
bution or utilization in the production of illumination, or of heat, or of 
power.” 

The Certificate of Merit —A Certificate of Merit is awarded to persons 
adjudged worthy thereof for meritorious inventions, discoveries or improve- 
ments in physical processes or devices. 


The Boyden Premium.—Uriah A. Boyden, Esq., of Boston, Mass., has 
deposited with The Franklin Institute the sum of one thousand dollars, to be 
awarded as premium to “any resident of North America who shall determine 
by experiment whether all rays of light and other physical rays are or are not 
transmitted with the same velocity.” 


For further information relating to these awards apply to the Secretary of the Institute. 
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JoURNAL OF THE FRANKLIN INSTITUTE. 


MEMBERSHIP—INSTITUTE 
Terms and Privileges 


Members of the Institute shall consist of those engaged or interested in scientific 
pursuits or in the application of science in the mechanic and industrial arts. All per- 
sons interested in the purposes and activities of the Institute and who are willing to 
further them, may become members when proposed by members in good standing and 
elected by the Board of Managers. The membership of the Institute shall consist of 
the following classes of members, viz.: Honorary and Corresponding, Endowment, Life, 
Contributing, Resident, Non- Resident, Student, and holders of Second-Class Stock. 


Honorary and Corresponding Members shall be nominated by the Board of 
Managers and shall require for their election four-fifths of the votes of the members 
present at any stated meeting of the Institute at which their nomination may be acted 
upon. They shall not be entitled to vote nor to hold office. All other members shal! 
be elected by the Board of Managers. 


Endowment Members shall consist of persons, firms, corporations or associations 
who shall make an endowment payment of five thousand dollars ($5000) to the Institute, 
and who, upon acceptance thereof by the Board of Managers, shall thereafter have the 
privilege of nominating annually to the Board of Managers for election (subject to its 
discretion as to any particular nominee) as Resident Members of the Institute for its 
then current year, without payment of dues, that number of persons, to be determined 
from time to time by the Board of Managers, whose annual dues, if they were paying 
annual Resident Membership dues, would approximately equal but not exceed the 
then current income from such endowment payments. Such Endowment Member- 
ships shall be perpetual, and shall be transferable by the holders thereof by will or 
otherwise; provided, however, that the Board of Managers at any time may refund 
five thousand dollars ($5000) to the then holders of any such membership, and annul 
and terminate that membership. 


Contributing Members shall consist of firms, corporations, associations or indi- 
viduals who shall pay annually the sum of three hundred dollars ($300). A Contribut- 
ing Member shall have the right to nominate nineteen persons to the Board of Managers 
for election as Resident Members for the year then current, subject to the discretion o! 
the Board as to any particular nominee, and members thus elected shall pay no dues. 


Resident Life Members, whose membership shall not be transferable, are those 
members who shall pay the sum of three hundred dollars in any one year. 


Non-Resident Life Members shall be those members who reside permanently at a 
distance of not less than twenty-five miles from Philadelphia and who shall pay the 
sum of one hundred dollars in any one year. 


Resident Members shall be residents of the City of Philadelphia who have been 
elected to membership in the Institute and who shall pay annual dues of fifteen dollars. 


Non-Resident Members shall be those members who reside permanently at a 
distance of not less than twenty-five miles from Philadelphia and who shall pay annual 
dues of five dollars. They shall also pay an initiation fee of five dollars. 


Student Members shall be students in any educational institution, and be over 
sixteen and under twenty-five years of age. They shall pay annual dues of three 
dollars, if they do not receive the JouRNAL of the Institute, and six dollars if they do 
receive the JOURNAL. ‘The term of Student Members shall be limited by the age of 
twenty-five years, after which time they shall be eligible for transfer to the other types 
of membership upon payment of the appropriate fee or dues. 


Privileges: All members are entitled to participate in the meetings of the Institute, 
in the use of the Library, to receive tickets for the lectures, to attend section meetings, 
and to receive monthly one copy of the JOURNAL of the Institute, except that Student 
Members, and Honorary and Corresponding Members shall not have the right to vote, 
nor to hold office, and Student Members paying the three dollars annual dues shall not 
receive the JOURNAL of the Institute. All members shall have the right of unlimited 
attendance upon the museum and the planetarium. 


Resignations must be made in writing, and dues must be paid to the date of resignation. 
Membership Badges. Pin or button form, may be purchased from the Controller 
for One Dollar. 


For further information and membership application blanks address the SECRETARY 
OF THE INSTITUTE. 


JouRNAL oF THE FRANKLIN INSTITUTE. 


MEMBERSHIP—MUSEUM 


Terms and Privileges 


Lire: A Life Membership shall extend un- 
limited admission to the Museum and 
Planetarium to any individual who shall 
pay the sum of one hundred dollars in any 
one year. 


Supportinc: A Supporting Membership shall 
be held by any person who shall pay in any 
calendar year twenty dollars or more dues. 
The privileges of such memberships are 
the same as those expressed in “ Family 
Memberships.” 


FamiLy: Family Memberships extend un- 
limited admissions to the museum and the 
planetarium to all persons who are named 
as members of the household by the one 
paying the fee. A separate card of ad- 
mission will be sent to each person so 
named. The fee is ten dollars per year. 


INDIVIDUAL: Individual Memberships extend 
unlimited admissions to the museum and 
the planetarium to the individual who pays 
a fee of five dollars per year. 


STUDENT: Student Memberships extend un- 
limited admissions to the museum and the 
planetarium to a student in any educa- 
tional institution who is over twelve years 
and under twenty-five years of age, who 
pays a fee of two dollars per year. 


